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(67)  The invention provides monolayer films which
not only have hydrophilicity and are excellent in such
properties as antifogging properties, antifouling proper-
ties, antistatic properties and anti-condensation proper-
ties but also tend to exhibit excellent transparency even
with a large film thickness and excellent scratch resist-
ance, as well as stacks having the monolayer film. The
monolayer film is obtained by preparing a mixture includ-
ing a monomer composition and a solvent, the monomer
composition including a specific monomer and a polyva-
lent monomer having two or more (meth)acryloyl groups

and being free of sulfonic group, carboxyl group and
phosphoric group in a specific molar ratio, the solvent
having a specific solubility parameter o; applying the mix-
ture onto a substrate and removing at least part of the
solvent; and polymerizing the monomer composition to
produce a monolayer film having at least one anionic
hydrophilic group selected from a sulfonic group, a car-
boxyl group and a phosphoric group and a specific anion
concentration ratio (Sa/Da) of the anion concentration
(Sa) at the outer surface to the anion concentration (Da)
at the middle point between the inner surface in contact
with the substrate and the outer surface.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to monolayer films excellent in antifogging properties, antifouling properties and
antistatic properties as well as in transparency and scratch resistance, and to stacks having the monolayer film.

BACKGROUND ART

[0002] There have recently been increasing demands that substrates formed of organic materials such as plastics
and inorganic materials such as glass be improved in terms of antifogging properties and antifouling properties.
[0003] As an approach to solving the fogging problems, a method has been proposed in which an antifogging coating
containing a reactive surfactant and an acrylic oligomer provides enhanced hydrophilicity and water absorption (see, for
example, Non Patent Literature 1). The fouling problems have been addressed by methods in which the hydrophilicity
of the surface of materials is enhanced so that fouling such as hydrophobic substances in the air which have become
attached to surfaces such as exterior walls can be detached and removed from the surface by water spray or rainfall
(see, for example, Non Patent Literatures 2 and 3).

[0004] As proposed in the art, the use of hydrophilic materials such as hydrophilic resins is a possible remedy to
solving the problems related to fogging, fouling and the like. Many resins having a large number of hydroxyl groups in
the molecule, for example, polyvinyl alcohols are known as the hydrophilic resins.

[0005] Other hydrophilic resins which are known are, for example, resins obtained by polymerizing 3-sulfopropyl
methacrylate potassium salt, 2-acrylamido-2-methylpropane-sulfonic acid sodium salt and polyethylene glycol diacrylate
(see, for example, Patent Literature 1), resins obtained by polymerizing 3-sulfopropyl methacrylate sodium salt and long-
chain urethane diacrylate (see, for example, Patent Literature 2), resins obtained by polymerizing 2-sulfoethyl acrylate,
tetrahydrofurfuryl acrylate, trimethylolpropane acrylate and spiroglycol urethane diacrylate (see, for example, Patent
Literature 3), resins obtained from 2-sulfoethyl methacrylate and/or phosphoric group-containing (meth)acrylate, and
epoxy resin (see, for example, Patent Literature 4), and resins obtained by polymerizing hydroxyethyl methacrylate,
sulfoalkylene (C6 to C10) methacrylate and methylenebisacrylamide (see, for example, Non Patent Literature 4).
[0006] The hydrophilic resins of Patent Literature 1 are in the form of transparent gels and are allegedly usable as
bioadhesives. The hydrophilic resins of Patent Literature 2 are described to be excellent in ink absorption, have high
waterresistance and be usable as blocking-free recording media in inkjet recording systems. Patent Literature 3 describes
that the hydrophilic resins can strongly bond a metal hub for the driving of optical information disks with a resin substrate.
The hydrophilic resins of Patent Literature 4 are allegedly usable as conductive cured films exhibiting excellent mechanical
performance, solvent resistance, film-forming properties, adhesion, transparency and abrasion resistance. Non Patent
Literature 4 discloses that the hydrophilicity of a lightly crosslinked film of the hydrophilic resin formed on glass varies
depending on the length of the alkylene chain (C6 to C10) of the sulfoalkylene methacrylate used as a monomer (ad-
vancing contact angle and receding contact angle) as well as depending on the hydration time.

[0007] However, most of the above hydrophilic resins have a relatively low degree of intermolecular crosslinking to
exhibit high water solubility or to show, if not being water soluble, a tendency of absorbing water to form a gel. Further,
the surface is soft and easily scratched in some cases due to the relatively low degree of intermolecular crosslinking.
[0008] Further, some of the above hydrophilic resins are insufficient in terms of hydrophilicity and cannot perform
appropriately as antifogging materials and antifouling materials.

[0009] On the other hand, Patent Literature 5 proposes a hydrophilic material which has a bilayer structure produced
by double coating, first by applying a crosslinkable polymerizable monomer composition onto the surface of a substrate
and incompletely polymerizing the composition while controlling the dose of UV irradiation to form a crosslinked polymer,
and subsequently applying a hydrophilic monomer and performing UV irradiation again to block- or graft-polymerize the
hydrophilic monomer to the surface of the crosslinked polymer.

[0010] However, this double coating process is complicated, adds costs, and is often unsatisfactory in terms of surface
smoothness compared to a usual single coating process for producing a monolayer structure.

[0011] The present inventors have proposed a polymer obtained from a hydroxyl group-containing (meth)acrylamide
as an approach to solving the above problem (see Patent Literature 6).

[0012] However, the properties of the polymer are still to be improved for the polymer to be used as an antifouling film
or an antifogging film.

[0013] Further, the present inventors have proposed another approach to solving the above problem wherein a mon-
olayer film has specific anionic hydrophilic groups presentin a high concentration on the surface (see Patent Literature 7).
[0014] However, the properties of the film are still to be improved for the film to be used as an antifouling film or an
antifogging film.
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CITATION LIST
PATENT LITERATURE
[0015]

Patent Literature 1: JP-A-2002-521140
Patent Literature 2: JP-A-H11-115305
Patent Literature 3: JP-A-H08-325524
Patent Literature 4: JP-B-S53-010636
Patent Literature 5: JP-A-2001-98007
Patent Literature 6: WO 2004/058900
Patent Literature 7: WO 2007/064003

NON PATENT LITERATURE
[0016]

Non Patent Literature 1: TREND, annual research report by TOAGOSEI CO., LTD., 1999, February issue, pp. 39-44
Non Patent Literature 2: Koubunshi (Polymers), 44(5), p. 307

Non Patent Literature 3: Mirai Zairyou (Future materials), 2(1), pp. 36-41

Non Patent Literature 4: Journal of Colloid and Interface Science, Vol. 110(2), 468-476 (1986)

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0017] It is an object of the present invention to provide monolayer films which not only have hydrophilicity and are
excellent in such properties as antifogging properties, antifouling properties, antistatic properties and anti-condensation
properties but also tend to exhibit excellent transparency even with a large film thickness and excellent scratch resistance,
as well as stacks having the monolayer film.

SOLUTION TO PROBLEM

[0018] The present inventors carried out extensive studies to achieve the above object. As a result, the present
inventors have found that a monolayer film produced from a mixture which contains a monomer mixture including a
specific monomer and a specific polyvalent monomer, and a specific solvent in a specific ratio not only exhibits hy-
drophilicity and is excellent in such properties as antifogging properties, antifouling properties, antistatic properties and
anti-condensation properties but also tends to exhibit excellent transparency even with a large film thickness and excellent
scratch resistance. The present invention has been completed based on the finding.

[0019] That is, a monolayer film according to the present invention is obtained by preparing a mixture including a
monomer composition and a solvent, the monomer composition including a monomer (1) represented by General Formula
(1) below and a polyvalent monomer (Il) having two or more (meth)acryloyl groups and being free of sulfonic group,
carboxyl group and phosphoric group in a monomer (I)/polyvalent monomer (Il) molar ratio of 1/1000 to less than 1/30,
the solvent including a compound with a solubility parameter o of not less than 9.3 (cal/cm3);

applying the mixture onto a substrate and removing at least part of the solvent; and

polymerizing the monomer composition including the monomer (1) and the monomer (ll);

the monolayer film having at least one anionic hydrophilic group selected from a sulfonic group, a carboxyl group and
a phosphoric group, the anion concentration ratio (Sa/Da) of the anion concentration (Sa) at the outer surface to the
anion concentration (Da) at the middle point between the inner surface in contact with the substrate and the outer surface
being not less than 1.1;

(X]s[M1][M2],, (1)

(in Formula (1), s indicates 1 or 2; 1 and m indicate integers satisfying s = 1 + m/2; M1 is at least one monovalent cation
selected from hydrogen ion, ammonium ions and alkali metal ions; M2 is at least one divalent cation selected from
alkaline earth metal ions; and X is at least one monovalent anion selected from groups represented by General Formulae
(1-1) to (1-4) below:
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Py O—R—S05" (1—1)

[Chem. 2]
J -
4(%‘)"‘“‘)002 (1—2)
0 n
[Chem. 3]

I'J 0 ]

|
%\rrO“‘-—R—'"O"“P—*O (1—23)

(1—4)

= 0

(in Formulae (1-1) to (1-4), J and J’ are each independently H or CH,; nindicates 0 or 1; and Rs are each independently
an aliphatic hydrocarbon group of 1 to 600 carbon atoms optionally substituted at a carbon atom with at least one group
selected from aromatic groups, aliphatic cyclic groups, ether groups and ester groups)).

[0020] The monomer (l)is preferably atleast one monomer selected from compounds represented by General Formula
(1-1-1) and General Formula (1-1-2) below:



10

20

25

30

[
o

40

50

55

EP 2 738 188 A1
[Chem. 5]

J

PO RIN-5034—m

m (1—1—1)
[Chem. 6]
J
A’%OMS% M
0 R2/ n
| m (1—1—2)

(in Formulae (1-1-1) and (1-1-2), J is H or CH3; R, and R, are each independently H, CH5 or C,Hg; n indicates an integer
of 1 to 20; 1 indicates an integer of 2 to 10; M is at least one monovalent cation selected from hydrogen ion, ammonium
ions and alkali metal ions, or is at least one divalent cation selected from alkaline earth metal ions; and m is 1 when M
is a monovalent cation, and m is 2 when M is a divalent cation).

[0021] The polyvalent monomer (Il) is preferably at least one monomer selected from compounds represented by
General Formula (2-1) and General Formula (2-2) below:

[Chem. 7]
Rs Rs 0
Rye Ry JdlRg CL OH bR; | a
[Chem. 8]

0
ooty
Re Jol o JbRsJa

(in Formulae (2-1) and (2-2), R3 and R to Rg are each independently H or CHs; R4, and R,3 are each independently
Hor CHy;

X4, X9, X3, X4 and Xz are each independently O or S;

the letter a indicates an integer of 2 to 30; b indicates an integer of 0 to 2; ¢ indicates an integer of 0 to 30; d indicates
an integer of 0 to 20; e indicates an integer of 0 to 2; i indicates an integer of 1 to 20; k indicates an integer of 1 to 10; and
the letter A indicates an atom or group selected from:

X6
Ri2 |
Riz/ k (2—2)
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[Chem. 9]
*0% , *S*
Rioo
*0 0%
n2 Ryor® /o1
Rs Rioo

*0\/’\"/09/{\(_,}0*

Re ¢ h2 Rt /n1

or from:

EP 2738 188 A1
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[Chem. 10]
*000* Ry Rg
Rioo ’ Rio Rio
*00C C00* .
n2 Rigr /1
Rg

Rs Rioo 0 +000~ H——~)—coo
*ooc\/}\(choo* 10-Box Rio

Rs o n2 Rior* nt Dok

|\ =

, , i
H2 ] | H2
I~ (——0( CH C—1

H q *00C CO0
Rooi Raoo

w000 3y, S28

CO0* CO0x GO0*

*OOC\H,“’EZ:\//H"‘\COO* E‘; d? é\)

Rie Reg /f Rie

R Rs
WOC\/HOXCOO* C00x >0
Ry O Vv W GO0«
CO0* CO0*
*OOC/H?@( )/mCOO* *00C C00%
T
W 0 W,
COO%  COD*
Ox
Vo« OCHN—R50-—NHCOO*) NHCOO* *00CHN NHCOO=
0% al
NHCOO*
*0
*NJQ‘N'V1
W 0% OCHN—RSO—NHCOO*) az NS0 OCHN-R50—NHCDO*> y
0% *
*0 O
Ws\Jﬁ\ 0 W, x OCHN“Rgo-'NHCOO*) -
0% 0% a3 V3—‘N~gN"V2 * OCHN‘R50“’NHCOO*> o

wherein * indicates a bonding hand;

R4 and R4, are each independently H or CH3; R4gg and R4 are each independently H or an alkyl group of 1 to 6
carbon atoms; R,qq and Ryg4 are each independently H, CH; or a phenyl group; R is hexamethylene, isophorone (1-
methylene-3-ethylene-3-methyl-5,5-dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cy-
clohexanedimethylene or xylylene; Ry is hexamethylene, isophorone
(1-methylene-3-ethylene-3-methyl-5,5-dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cy-
clohexanedimethylene, toluylene, diphenylmethane or xylylene; V is OH or an oxygen atom having a bonding hand (*) ;
W1 to W3 are each independently H, CH3, OH or an oxygen atom having a bonding hand (*); Z is OH, an oxygen atom
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having a bonding hand (*), COOH or a carboxyl group having a bonding hand (*) (COO); V1 to V3 are each independently
H or a bonding hand (*);

n1 and n2 each independently indicate an integer of O to 8; 01 and 02 each independently indicate an integer of 1 to 3;
f indicates an integer of 1 to 20; g indicates an integer of 0 to 3; m indicates 0 or 1; q indicates an integer of 1 to 7; a1
indicates an integer of 2 to 3; a2 indicates an integer of 3 to 4; a3 indicates an integer of 4 to 6; a4 indicates an integer
of 2 to 3; and a5 indicates an integer of 2 to 4).

[0022] The polyvalent monomer (ll) is preferably at least one monomer selected from compounds represented by
General Formulae (3) to (8) and (10) to (33) below:

[Chem. 11]

R4 OH R1g0 OH Ry

AASA I~ 0{)\/0};{& (3)

0 bz R101 0

(in Formula (3), R3 and R, are each independently H or CH5; Ry and R4 are each independently H or an alkyl group
of 1 to 6 carbon atoms; b1 and b2 each independently indicate an integer of 0 to 2; and n1 and n2 each independently
indicate an integer of 0 to 8)

[Chem. 12]

R4 Rs
A A0S (4)
0 Re 0 n2 Rior 7n1

(in Formula (4), R to Rg are each independently H or CHs; Ryq and R4 are each independently H or an alkyl group
of 1 to 6 carbon atoms; and n1 and n2 each independently indicate an integer of 0 to 8)

[Chem. 13]

0’}'3\/ (5)

b2 Rg “0H bR

(in Formula (5), R3 to Rg are each independently H or CHs; b1 and b2 each independently indicate an integer of 0 to 2;
and c1 indicates an integer of 2 to 30)
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[Chem. 14]

0 5
YU\O’(/\/O 3 ! 03}’(/\/0% (6)
, ¢

(in Formula (6), R3 to Rg are each independently H or CH3; ¢2 and c¢3 each independently indicate an integer of 1 to 5;
and d1 indicates an integer of 2 to 20)

[Chem. 15]

0

R4 OH
/‘woro{/l\/owmmo (7)

b1 R3

(in Formula (7), R3 and R, are each independently H or CHj3; b1 and b2 each independently indicate an integer of 0 to
2; d1 indicates an integer of 2 to 20; and m indicates 0 or 1)

[Chem. 16]

R4 R3
- (8)
2 OIT—(—S\/);S‘(\’S .

(inFormula(8), Ryand R, are eachindependently Hor CH,; and 01 and 02 each independently indicate an integer of 1 to 3)

[Chem. 17]

R4 ~ Rs Rs 0

(in Formula (10), R; to Rg are each independently H or CHj; ¢4 and ¢5 each independently indicate an integer of 0 to
5; and m indicates 0 or 1)
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[Chem. 18]

0
a;E%(0*~f{tﬁ£j§]::37{ﬁaﬁ“OJigip (11)

(in Formula (11), R3 and R, are each independently H or CH5; and m indicates 0 or 1)

[Chem. 19]

ji,re\/t(o}%, 3 (12)
R; O OTA

(in Formula (12), R3 to R, are each independently H or CHy)

[Chem. 20]

¥ R 0
OyN\?O 5
] (13)
N Ns 03j}7¢¢
Rs R3 3

(in Formula (13), * represents a bonding hand; R3, R5 and R6 are each independently H or CHs; and c6 indicates an
integer of 0 to 3)

[Chem. 21]

}\n’{ OMOY)\)\O%_% OW (14)

(in Formula (14), R5 to Rg are each independently H or CH4; b1 and b2 each independently indicate an integer of 0 to
2; ¢7 and c8 each independently indicate an integer of 0 to 5; and m indicates 0 or 1)

10
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[Chem. 22]

Rs OH Rg Rg Rs 0
/L\gf Od\ajoﬁgo(\fkom/\oﬁk( (15)
Rs 3

(in Formula (15), R3 to Ry are each independently H or CHs; b1 and b2 each independently indicate an integer of 0 to
2; and c9 and c10 each independently indicate an integer of 0 to 30)

[Chem. 23]
\,/8\(. /\9/{0 R8 Q Rg O R5 R3

0 W/L)\OHO(\,/\ 0 (186)
Ra ol4 Ry o R1o Re 0');(/\/ on

(in Formula (16), R to R¢q are each independently H or CHj; ¢11 to ¢14 indicate integers of 1 or above and satisfy ¢c11
+c12+c13 +c14 =4 to 30)

[Chem. 24]

0
Rg OH R
/\g,(o\/ktf 5S¢ OW\OW (17)

(in Formula (17), R3 and R, are each independently H or CH,; and b1 and b2 each independently indicate an integer
of 0 to 2)

[Chem. 25]
MO\K"—)C’SO O @ 0 f 0 o f (1 8)

0

R7  Ropi ~ Rago
&9

(in Formula (18), R5 to Rg are each independently H or CH3; Ry and Ryq¢ are each independently H, CH3 or a phenyl
group; and ¢4 and c5 each independently indicate an integer of 0 to 5)

1"
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[Chem. 26]

Rs
0

0

&

0
l

L d
~£2
Z

{R11) g

(in Formula (19), R; to Rg and R4 are each independently H or CHs; b1 to b3 each independently indicate an integer
of 0 to 2; and f indicates an integer of 1 to 20)

[Chem.

0%

-

N

0 to 20)

v

0%

(in Formula (20), * represents a bonding hand; V is OH or an oxygen atom having a bonding hand (*) ; R3, R and Rg
are each independently H or CHj; a1 indicates 2 or 3; b1 indicates an integer of 0 to 2; and c¢15 indicates an integer of

[Chem.

-

Wy

0

27]

oy P

Ride /¢ Ride

28]

0%

Rs
{ ,/l\~0
\ |
Rs

Ox |

EP 2738 188 A1

(19)

0 .

WOW' (20)

HO R3 | o

Rs 0
0 (2 1)

clb
Re Rs a2

(in Formula (21), * represents a bonding hand; W1 is H, CH5, OH or an oxygen atom having a bonding hand (*); R3, R;
and Rg are each independently H or CHj; a2 indicates 3 or 4; and ¢16 indicates an integer of 0 to 20)

12
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[Chem. 29]
[ #0 0% | Rs 0
i 0% , 0% ] RB R3 a3

(in Formula (22), * represents a bonding hand; W2 and W3 are each independently H, CH3, OH or an oxygen atom
having a bonding hand (*) ; R3, R5 and R4 are each independently H or CHj; a3 indicates an integer of 4 to 6; and ¢17
indicates an integer of 0 to 3)

[Chem. 30]

Ry Ro 0 Ry R
H 5 0
0 Nt
%\8/ ] \er R3o 'fjli 0 » o/u\( (23)
8 Rio /e2 0 Re R3

(in Formula (23), R is hexamethylene, isophorone (1-methylene-3-ethylene-3-methyl-5,5-dimethyl-cyclohexane), nor-
bornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene or xylylene; R5 to Ry are each independently
H or CHj; and e1 and e2 each independently indicate an integer of 0 to 2)

[Chem. 31]
" (Wa) 6nt00 Rs 0
M/ s OWOW
( Ox )IﬂOO RG OH R3 a6

(24)

(in Formula (24), R3, R5 and Rg are each independently H or CHj; b1 indicates an integer of 0 to 2; ¢15 indicates an
integer of 0 to 20; and n100 indicates an integer of 1 to 6)

[Chem. 32]
Re OH Rs Ro Rs 0
0 b2 R7 clf RlO R6 c9 OH R3 (2 5)

13
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(in Formula (25), R3 to R4 are each independently H or CHs; b1 and b2 each independently indicate an integer of 0 to
2; and c9 and c10 each independently indicate an integer of 0 to 5)

[Chem. 33)]

Rs
SRINE

(in Formula (26), Ry is H or CHg; p1 indicates an integer of 1 to 6; and a10 indicates 3)

(26)

[Chem. 34]
R4 OH Rs 0 Rs
0 O 04 A Y
o 7 (27)

(in Formula (27), R5 to Rg are each independently H or CHs; b1 and b2 each independently indicate an integer of 0 to
2; and c4 and c5 each independently indicate an integer of 0 to 5)

[Chem. 35]
Re OH Re 0 Rs 0
O\A,}/(OYL)\ 0 3/“\/
0 (28)

(in Formula (28), R5 to Rg are each independently H or CHs; b1 and b2 each independently indicate an integer of 0 to
2; and c4 and c5 each independently indicate an integer of 0 to 5)

[Chem. 36]

Ri20 Rio 0 Re Re Rs
Ri3 Ri1 Ry Ry Rg /i10 2

(in Formula (29), R5 and R to Ry5 are each independently H or CHj; and i1 indicates an integer of 0 to 5)

(29)

14
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[Chem. 37]

+0 0 Rs Re Rs
Wi 0% * o}\(g
O Ry Ry Rs /110

(in Formula (30), R3 and Rj to Rg are each independently H or CHs; W1 is H, CH3, OH or an oxygen atom having a
bonding hand (*); a2 indicates 3 or 4; and i1 indicates an integer of 0 to 5)

(30)

[Chem. 38]

4 (§23 0 Rs Rs
* Ws\k\o )’\‘A
0 7a8 Ro Ry Rs /i1 (31)

(in Formula (31), R to Rg are each independently H or CHs; W2 and W3 are each independently H, CH3, OH or an
oxygen atom having a bonding hand (*); a7 indicates an integer of 1 to 6; a8 indicates an integer of 0 to 5; and a7 + a8
=2 to 6)

[Chem. 39]

Rs 0
j&(’* *WOWOW

(in Formula (32), R4 is toluylene, diphenylmethane, hexamethylene, isophorone (1-methylene-3-ethylene-3-methyl-5,5-
dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene, N,N’,N"-tris(hex-
amethylene)-isocyanurate, N,N,N’-tris(hexamethylene)-urea, N,N,N’,N’-tetrakis (hexamethylene) -urea or xylylene; Rj,
Rg and Ry are each independently H or CH5; W1 is H, CH5, OH or an oxygen atom having a bonding hand (*); a9
indicates an integer of 1 to 4; a10 indicates an integer of 2 to 4; b1 indicates an integer of 0 to 2; and c4 indicates an
integer of 0 to 5)

(32)

[Chem. 40]

Rs 0
H
e 5@% o Oy o,
Re ¢4 Ho R )0 1410

(in Formula (33), Ry is toluylene, diphenylmethane, hexamethylene, isophorone (1-methylene-3-ethylene-3-methyl-5,5-
dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene, N,N’,N"-tris(hex-

(33)

15
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amethylene)-isocyanurate, N,N,N’-tris(hexamethylene)-urea, N, N, N’,N’-tetrakis (hexamethylene) -urea or xylylene; R,
Rs5 and Rg are each independently H or CH3; W1 is H, CH3, OH or an oxygen atom having a bonding hand (*); a9
indicates an integer of 1 to 4; a10 indicates an integer of 2 to 4; b1 indicates an integer of 0 to 2; and c4 indicates an
integer of 0 to 5).

[0023] The water contact angle of the monolayer film is preferably not more than 30°.

[0024] The film thickness of the monolayer film is usually in the range of 0.5 to 100 pum.

[0025] The monolayer film may be used as a material such as an antifogging material, an antifouling material or an
antistatic material.

[0026] A stackaccording tothe presentinventionis characterized in thatthe aforementioned monolayer film is disposed
on at least one surface of a substrate.

[0027] The stack may be such that the monolayer film is disposed on one surface of the substrate and a pressure-
sensitive adhesive layer is disposed on the surface of the substrate on which the monolayer film is not disposed. A peel
layer may be further disposed on the surface of the pressure-sensitive adhesive layer.

[0028] In the stack, a peelable cover layer may be disposed on the surface of the monolayer film.

[0029] A method for producing stacks according to the presentinvention includes a step of preparing a mixture including
a monomer composition and a solvent, the monomer composition including a monomer (l) represented by General
Formula (1) below and a polyvalent monomer (Il) having two or more (meth) acryloyl groups and being free of sulfonic
group, carboxyl group and phosphoric group in a monomer (l)/polyvalent monomer (II) molar ratio of 1/1000 to less than
1/30, the solvent including a compound with a solubility parameter ¢ of not less than 9.3 (cal/cm3) ;

a step of applying the mixture onto at least one surface of a substrate;

a step of removing at least part of the solvent from the mixture applied; and

a step of polymerizing the monomer (1) and the monomer (Il) present in the mixture resulting from the above steps;
the method thus producing a stack having a monolayer film on at least one surface of the substrate, the monolayer film
having at least one anionic hydrophilic group selected from a sulfonic group, a carboxyl group and a phosphoric group,
the anion concentration ratio (Sa/Da) of the anion concentration (Sa) at the outer surface of the monolayer film to the
anion concentration (Da) at the middle point between the inner surface in contact with the substrate and the outer surface
being not less than 1.1;

X]s[M1]4[M2], (1)
(in Formula (1), s indicates 1 or 2; 1 and m indicate integers satisfying s = 1 + m/2;
M1 is at least one monovalent cation selected from hydrogen ion, ammonium ions and alkali metal ions; M2 is at least

one divalent cation selected from alkaline earth metal ions; and
X is at least one monovalent anion selected from groups represented by General Formulae (1-1) to (1-4) below:

[Chem. 41]

&YO“‘R*"‘SO{ (1—1)
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[Chem. 42]

0—R—C0y"

1—2
T A ( )

[Chem. 43]

0
il

A~ R 0""!’ 0" (1—3)
0

P—q0~ (1—4)

,;é\n‘n—"ﬂ"’ﬂ

= 0

(in Formulae (1-1) to (1-4), J and J’ are each independently H or CH,; nindicates 0 or 1; and Rs are each independently
an aliphatic hydrocarbon group of 1 to 600 carbon atoms optionally substituted at a carbon atom with at least one group
selected from aromatic groups, aliphatic cyclic groups, ether groups and ester groups)).

[0030] Advantageously, the above stack production method can produce a stack which has a monolayer film exhibiting
a water contact angle of not more than 30°.

ADVANTAGEOUS EFFECTS OF INVENTION

[0031] The monolayer films of the invention and the stacks having the monolayer film not only have hydrophilicity and
are excellent in such properties as antifogging properties, antifouling properties, antistatic properties and anti-conden-
sation properties but also tend to exhibit excellent transparency even when the monolayer film has a large film thickness,
and further tend to exhibit excellent scratch resistance.

BRIEF DESCRIPTION OF DRAWING

[0032] [Fig. 1] Fig. 1 is a schematic view illustrating a method of preparing specimens for the measurement of anion
concentration ratio.

DESCRIPTION OF EMBODIMENTS

[0033] A monolayerfilm according to the presentinventionis obtained by polymerizing a specific monomer composition.
[0034] The monomer composition includes a monomer (I) represented by General Formula (1) below.
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[X]s[M1]4[M2] (M
[0035] In Formula (1), s indicates 1 or 2; and 1 and m indicate integers satisfying s = 1 + m/2.
[0036] M1 is atleast one monovalent cation selected from hydrogen ion, ammonium ions and alkali metal ions.

[0037] As used in the invention, the term ammonium ion refers to a cation formed by the bonding of hydrogen ion to
ammonia, a primary amine, a secondary amine or a tertiary amine. From the viewpoint of hydrophilicity, preferred
ammonium ions are cations formed by the bonding of hydrogen ion to ammonia and amines having a small number of
carbon atom(s). Ammonium ion formed by the bonding of hydrogen ion to ammonia, and methylammonium are more
preferable.

[0038] Examples of the alkali metals include lithium, sodium, potassium and rubidium.

[0039] Of the cations represented by M1, alkali metal ions are preferable, and sodium ion, potassium ion and rubidium
ion are more preferable.

[0040] M2 is at least one divalent cation selected from alkaline earth metal ions.
[0041] Xis atleast one monovalent anion selected from groups represented by General Formulae (1-1) to (1-4) below:
[Chem. 45]

(1—1)

&J\WOHRMSO(
0

[Chem. 46]
J —
*670""“‘)002 (1—2)
0 n

[Chem. 47]

0
J

i

0 0

(1—3)
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(1—4)

o 0

[0042] In General Formulae (1-1) to (1-4), J and J’ are each independently H or CH5; and n indicates 0 or 1.

[0043] Rs are each independently an aliphatic hydrocarbon group of 1 to 600 carbon atoms optionally substituted at
a carbon atom with at least one group selected from aromatic groups, aliphatic cyclic groups, ether groups and ester
groups. Preferably, Rs are aliphatic hydrocarbon groups of 2 to 100 carbon atoms optionally substituted at a carbon
atom with at least one group selected from aromatic groups, aliphatic cyclic groups, ether groups and ester groups, and
are more preferably aliphatic hydrocarbon groups of 2 to 20 carbon atoms optionally substituted at a carbon atom with
at least one group selected from aromatic groups, aliphatic cyclic groups, ether groups and ester groups.

[0044] Of the monomers (I), those monomers in which m = 0 are preferable.

[0045] Theformulaweightofthe anion Xis usually 50to 18,000, preferably 100to 1,000, and more preferably 170 to 500.
[0046] Of the monomers (1), those monomers represented by General Formula (1-1-1) and General Formula (1-1-2)
below are preferable.

[Chem. 49]
J
A0 1N -s03;4m
(1-1-1)
[Chem. 50]

;o :
R1Y Lol

-
0 Rz/nd[ m
- Ny - (1—1—2)

A,

[0047] In Formulae (1-1-1) and (1-2-1), J is H or CHs.

[0048] R, and R, are each independently H, CH; or C,Hs. Ry and R, are preferably H because of easy synthesis.
[0049] The letter n indicates an integer of 1 to 20 and, because of easy synthesis, is preferably an integer of 2 to 10,
and more preferably an integer of 2 to 4.

[0050] Theletter 1indicates anintegerof 2 to 10, preferably an integer of 2 to 6, and more preferably an integer of 2 to 4.

19



10

15

20

25

30

35

40

50

55

EP 2738 188 A1

[0051] M is at least one monovalent cation selected from hydrogen ion, ammonium ions and alkali metal ions, or is at
least one divalent cation selected from alkaline earth metal ions.

[0052] The letter mis 1 when M is a monovalent cation, and m is 2 when M is a divalent cation.

[0053] Theammonium ions are cations formed by the bonding of hydrogen ion to ammonia, primary amines, secondary
amines or tertiary amines. From the viewpoint of hydrophilicity, preferred ammonium ions are cations formed by the
bonding of hydrogen ion to ammonia and amines having a small number of carbon atom(s). Ammonium ion formed by
the bonding of hydrogen ion to ammonia, and methylammonium are more preferable.

[0054] Examples of the alkali metals include lithium, sodium, potassium and rubidium. Examples of the alkaline earth
metals include beryllium, magnesium, calcium and strontium.

[0055] Of the cations represented by M, monovalent cations are preferable, alkali metal ions are more preferable, and
sodium ion, potassium ion and rubidium ion are even more preferable.

[0056] Of the monomers represented by Formulae (1-1-1) and (1-1-2), 2-sulfonylethyl-(meth)acrylate, 3-sulfonylpro-
pyl-(meth)acrylate, and alkali metal salts of these compounds are preferable.

[0057] The molecular weight of the monomers (1) is usually 168 to 18,000, preferably 180 to 1,000, and more preferably
200 to 500.

[0058] The monomers () may be used singly, or two or more may be used as a mixture.

[0059] The monomer composition of the invention may contain the monomer () in such a configuration that at least
part of the monomer () has been reacted and is in the form of an oligomer. As used herein, the term oligomer refers to
a molecule which usually includes 2 to 20 repeating units derived from the monomer (l).

[0060] The monomer () may be produced by a known method or in accordance with a known method, for example,
by any of the methods described in JP-B-S49-36214, JP-B-S51-9732, JP-A-S63284157 and U.S. Patent No. 3024221.
[0061] Forexample, a monomer represented by Formula (1-1-1) may be produced by reacting (meth) acrylic acid with
propane sultone in the presence of an alkali metal carbonate salt; and a monomer represented by Formula (1-1-2) may
be produced by halogenating part of the hydroxyl groups of a polyol with a hydrogen halide, subsequently reacting the
introduced halogen with an alkali metal sulfonate to synthesize a hydroxyl group-containing alkali metal sulfonate com-
pound, and finally reacting the hydroxyl groups with a (meth) acryloyl halide or (meth) acrylic acid.

[0062] The monomer composition furtherincludes a polyvalent monomer (Il) having two or more (meth) acryloyl groups
and being free of sulfonic group, carboxyl group and phosphoric group.

[0063] The forms of the (meth)acryloyl groups present in the polyvalent monomer (Il) are not particularly limited. For
example, the (meth)acryloyl groups may be present in the polyvalent monomer (1l) in such forms as (meth)acryloyloxy
groups, (meth)acryloylthio groups or (meth)acrylamide groups, and preferably in the forms of (meth)acryloyloxy groups
or (meth)acryloylthio groups.

[0064] Examples of the polyvalent monomers (Il) include compounds having one or more hydroxyl groups and two or
more (meth) acryloyl groups, compounds having one or more ether bonds or thioether bonds and two or more (meth)acry-
loyl groups, compounds having one or more ester bonds and two or more (meth) acryloyl groups, compounds having
one or more aliphatic cyclic structures or aromatic ring structures and two or more (meth)acryloyl groups, and compounds
having one or more heterocyclic structures and two or more (meth) acryloyl groups.

[0065] Of the polyvalent monomers (l1), those monomers represented by General Formulae (2-1) and (2-2) below are
preferable.

[Chem. 51]

Rs Rs 0
e
R/ € Ry J dlRg cl OH bRy | a
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[Chem. 52]

Xs Ry Rs Rs 0
A % &WXZH\/\XTW (2—2)
Ris /i 21 \RfeRy JARs Sl on  JbRs a

[0066] In Formulae (2-1) and (2-2), R3 and R to Rq are each independently H or CHs; R4, and R43 are each inde-
pendently H or CHs; X4, X5, X3, X4 and Xg are each independently O or S; the letter a indicates an integer of 2 to 30; b
indicates an integer of 0 to 2; ¢ indicates an integer of 0 to 30; d indicates an integer of 0 to 20; e indicates an integer
of 0 to 2; i indicates an integer of 1 to 20, preferably an integer of 1 to 10, more preferably 1 to 5, and still more preferably
1 to 3; and k indicates an integer of 1 to 10, more preferably an integer of 2 to 8, and still more preferably 2 to 6.
[0067] The letter A indicates an atom or group selected from:

[Chem. 53]
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*0% , *Sx*
R100
*0 0%
h2 Ryor" /n1
Rs Rioo

*O\/R*\H/OWO*

6 hz Riort /ni

(xspsbse)

or from:

[Chem. 54]
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*C00* Rg Ry
0~ =<0 s000< ) )-co0
Rioo Rio Rio
*oochom
w2 Rior* "t
Ro
Rs Rioo 0 *OOCCOO*
+00C OWCOO* s0-B-0x Rio
Re o 2 Riop/m 0%
Ny ™=
; . #0002 C00*
H2 | | H2
G G \CH ¢ z
H a *00C COO*
R201 Rzoo
C00* @
#006 T ep QD
CO0% €00+ CO0*
+00C @Q 000+ S S O
\(‘)m/ " ‘ ¢ '\|¢ e
Ritde Re /f Rie
N 00C
*00C A~ 000+ OO *
R; O v W 00
C00* CO0*
GO0 *00C £00*
*00GC ] : (z)’m
W3 0 Wy
G00= C00%
0%
>—V s+t 0CHN—R5p—NHC00* ) NHCOO *00CHN NHCOO
153 al :
NHCOO+
K *NPLN/VI
W Ox OCHN—~Rgq—NHC00* ) 2 O%N ,50 * OCHN—R5o—NHGOO* ) a4
O *
*0 Ox
W3 0 WQ * OCHN“Rso"’NHOO&F ) ® %
b - a3 V3"‘N~8« N=V, OCHN—R50—NHCOO* ) .5
[0068] The letter A is an atom or group selected from above.
[0069] In the above formulae, * indicates a bonding hand.
[0070] R;qand Ry, are each independently H or CH;. Ryoq and R4, are each independently H or an alkyl group of

1 to 6 carbon atoms. Ry, and Ry4 are each independently H, CH5 or a phenyl group. R is hexamethylene, isophorone
(1-methylene-3-ethylene-3-methyl-5,5-dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cy-
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clohexanedimethylene or xylylene. R;, is hexamethylene, isophorone (1-methylene-3-ethylene-3-methyl-5,5-dimethyl-
cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene, toluylene, diphenylmethane
or xylylene.

[0071] V is OH or an oxygen atom having a bonding hand (*). W1 to W3 are each independently H, CH;, OH or an
oxygen atom having a bonding hand (*). Zis OH, an oxygen atom having a bonding hand (*), COOH or a carboxyl group
having a bonding hand (*) (COO). V1 to V3 are each independently H or a bonding hand (*).

[0072] n1 and n2 each independently indicate an integer of 0 to 8; o1 and 02 each independently indicate an integer
of 1 to 3; f indicates an integer of 1 to 20; g indicates an integer of 0 to 3; m indicates O or 1; q indicates an integer of 1
to 7, preferably an integer of 1 to 5, and more preferably an integer of 1 to 3; a1 indicates an integer of 2 to 3, and is
preferably 3; a2 indicates an integer of 3 to 4, and is preferably 3; a3 indicates an integer of 4 to 6, and is preferably 5
or 6; a4 indicates an integer of 2 to 3, and is preferably 3; and a5 indicates an integer of 2 to 4, and is preferably 3 or 4.
[0073] The polyvalent monomers represented by General Formulae (2-1) and (2-2) may be produced by a known
method or in accordance with a known method, or may be purchased in the market.

[0074] Ofthe polyvalentmonomers represented by General Formula (2-1) and General Formula (2-2), those polyvalent
monomers represented by General Formulae (3) to (8) and (10) to (33) below are preferable.

[Chem. 55]

MONW o K o

[0075] In Formula (3), R; and R, are each independently H or CH3; Ryo and Ryq4 are each independently H or an
alkyl group of 1 to 6 carbon atoms; b1 and b2 each independently indicate an integer of 0 to 2; and n1 and n2 each
independently indicate an integer of 0 to 8.

[Chem. 56]

\/}L\r WO}A (4)

6 () Rigs* 701

[0076] In Formula (4), R3to Rg are each independently H or CHj; Ry and R4 are each independently H or an alkyl
group of 1 to 6 carbon atoms; and n1 and n2 each independently indicate an integer of 0 to 8.

[Chem. 57]

R4 OH Rs 0
AN ©
0 b2 Rg ¢ OH Ry

b1

[0077] In Formula (5), R5 to Rg are each independently H or CHj,; b1 and b2 each independently indicate an integer
of 0 to 2; and c¢1 indicates an integer of 2 to 30.

24



($]

10

15

30

45

55

EP 2738 188 A1

[Chem. 58]
0 Rs
VLONO c3
R4 B

[0078] In Formula (6), R3 to Rg are each independently H or CH3; ¢2 and ¢3 each independently indicate an integer

of 1 to 5; and d1 indicates an integer of 2 to 20.

[Chem. 59]

R4

[Chem. 60]

R4
Z Oﬂ—(—S\/}O\QS{\/S .

[0080] In Formula (8), R3 and R, are each independently H or CH3; and 01 and o2 each independently indicate an

integer of 1 to 3.

[Chem. ©61]

R3

OH
/}(}ro{\)\mwomo

[0079] InFormula(7), Rz and R, are each independently H or CHs; b1 and b2 each independently indicate an integer
of 0 to 2; d1 indicates an integer of 2 to 20; and m indicates 0 or 1.

0

b1 R3

(6)

(7)

(8)

R4 ] Rg 0 Rs 0
/\Orf \ﬁgﬁm {\}es/\o)ik( (10)

[0081] In Formula (10), R; to Rg are each independently H or CHj; ¢4 and c5 each independently indicate an integer

of 0 to 5; and m indicates 0 or 1.
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[Chem. 62]

0
%O\Wmoﬂf (1)

[0082] In Formula (11), Ry and R, are each independently H or CH5; and m indicates 0 or 1.

[Chem. 63]

0 X 12
Aor b0 OB(g |

[0083] In Formula (12), R3 to R; are each independently H or CHs.

[Chem. 64]

e v

¥ 'R 0
:¥N~",N* ] Oetij\ij; (1 3)
0 Rs R3 3

Sces- ol

[0084] InFormula(13), * represents a bonding hand; R3, R5 and R6 are each independently H or CHs; and c6 indicates
an integer of 0 to 3.

[Chem. 65]

Ry OH R Rs 0
o\)\,}/(o 0 W |
A e B O Y e

6

[0085] In Formula (14), R; to Ry are each independently H or CH,; b1 and b2 each independently indicate an integer
of 0 to 2; c7 and c¢8 each independently indicate an integer of 0 to 5; and m indicates 0 or 1.
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[Chem. 66]
OH

I 0 Lo Byt X :
Ayt 0L~
I AR e - Rw %\OWOW (15)

10 [0086] In Formula (15), R3to R4qare each independently H or CHs; b1 and b2 each independently indicate an integer
of 0 to 2; and ¢9 and c10 each independently indicate an integer of 0 to 30.

($]

[Chem. 67]
15

\/N\(O/\)/fﬂ\(‘*%o o(ﬁ/\o%(/\/()j\’;\ (16)

20 cl3

[0087] In Formula (16), R to Ry are each independently H or CHj; ¢11 to ¢14 indicate integers of 1 or above and

satisfy ¢11 + c12 + ¢c13 + ¢c14 = 4 to 30.
25

[Chem. 68]

%0 0
j:{r@jﬁﬁf 5S¢ ofmoajf (7
35 0

[0088] In Formula (17), R; and R, are each independently H or CH5; and b1 and b2 each independently indicate an
integer of 0 to 2.

40

[Chem. 69]
Rs 0
MO\H—)’O 4 MOW (18)

R7

R20i
: 0

[0089] In Formula (18), R3 to Rg are each independently H or CH3; Rygg and Ryq¢ are each independently H, CH3 or
a phenyl group; and c4 and c5 each independently indicate an integer of 0 to 5.
55

[Chem. 70]
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Lo
R ==

0

fo &

0
0
e
S N
(

0
¥
Ride /+ Ride (19)

In Formula (19), R;3 to R and R4 are each independently H or CH3; b1 to b3 each independently indicate an
integer of 0 to 2; and f indicates an integer of 1 to 20.

[Chem.
0%
v
R
[0091]

71]

Rs

0
OWOW (20)

al

Re

In Formula (20), * represents a bonding hand; V is OH or an oxygen atom having a bonding hand (*); R3, R5
and Rg are each independently H or CHj; a1 indicates 2 or 3; b1 indicates an integer of 0 to 2; and c¢15 indicates an
integer of 0 to 20.)

[Chem.

-

[0092]

0
Wy

12]

0%

Rs  Q
0% | 0 (2 1)

‘J Rﬁ c1b RS "

In Formula (21), * represents a bonding hand; W1 is H, CH3, OH or an oxygen atom having a bonding hand
("); R3, Rg and Rg are each independently H or CHs; a2 indicates 3 or 4; and ¢16 indicates an integer of 0 to 20.
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[Chem. 73]

40 0% | Rs 0
Ws\k\o%\wz — 0’)?:?\]/ (22)
] 0% 0% i Rs R Jas

[0093] In Formula (22), * represents a bonding hand; W2 and W3 are each independently H, CH5, OH or an oxygen
atom having a bonding hand (*) ; R3, R5 and Rg are each independently H or CHj; a3 indicates an integer of 4 to 6; and
¢17 indicates an integer of 0 to 3.

[Chem. 74]

0 . §
/\3/ R OYN Rao E 0 ~ O)V (23)
8 Rig /e2 0 Re R3

[0094] In Formula (23), R is hexamethylene, isophorone (1-methylene-3-ethylene-3-methyl-5,5-dimethyl-cyclohex-
ane), norbornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene or xylylene; R to R4 are each inde-
pendently H or CH5; and e1 and e2 each independently indicate an integer of 0 to 2.

[Chem. 75]

(Wa )60 ] T Rs 0

{ /‘\ W
* . OWO b
i ( Ox )moo__ ] Rs OH Rs (5 4)

[0095] InFormula (24), R;, Rsand Rgare each independently H or CH,; b1 indicates an integer of 0 to 2; ¢15 indicates
an integer of 0 to 20; and n100 indicates an integer of 1 to 6.

[Chem. 76]
Re OH Ry R Rs 0
A AN OO0t or by ol Y
0 YRS Rio Rs o B (2
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[0096] In Formula (25), R5to R,qare each independently H or CHs; b1 and b2 each independently indicate an integer
of 0 to 2; and ¢9 and c10 each independently indicate an integer of 0 to 5.
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[0097]

[

[0098]

of 0 to 2; and ¢7 and c8 each independently indicate an integer of 0 to 5.

[Chem. 77]

Rs
/\0/09/01—‘?
0 ol al0 b

In Formula (26), R is H or CHg; p1 indicates an integer of 1 to 6; and a10 indicates 3.

Chem. 78]

(26)

R3

(27)

In Formula (27), R to Rg are each independently H or CHs; b1 and b2 each independently indicate an integer

[Chem. 79]

Ra OH

Rs 0 5
0 Ry 0 Rg

[0099]

of 0 to 2; and ¢7 and c8 each independently indicate an integer of 0 to 5.

HO

b1

Wo%j\%

c7

Rs

(28)

In Formula (28), R5 to Rg are each independently H or CH3; b1 and b2 each independently indicate an integer

[Chem. 80]

R120  Rio 0 Rs Re
*o’\l/ko H—w M
Rg Ry Rg ‘il

In Formula (29), R3 and Rg to R¢3 are each independently H or CHs; and i1 indicates an integer of 0 to 5.

[0100]

[Chem.

30
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*0 0 Rs Rs R3
W, 0% o)\(&
0+ - Ro Ry Rs 110 2250

[0101] In Formula (30), R; and Rg to Rq are each independently H or CH5; W1 is H, CH5, OH or an oxygen atom
having a bonding hand (*); a2 indicates 3 or 4; and i1 indicates an integer of 0 to 5.

[Chem. 82]

4 +0 Ox 0 Rs Re R3
s ob(wz x OM
0 4a8 0x 0% Rg Ry Rs /i10 al (31)

[0102] In Formula (31), Ry to Rg are each independently H or CH,; W2 and W3 are each independently H, CH5, OH
or an oxygen atom having a bonding hand (*); a7 indicates an integer of 1 to 6; a8 indicates an integer of 0 to 5; and a7
+a8=2to 6.

[Chem. 83]

| 0 O Rs 0
H Rs °% HO R3
W‘l a% | al0

[0103] In Formula (32), R, is toluylene, diphenylmethane, hexamethylene, isophorone (1-methylene-3-ethylene-3-
methyl-5,5-dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene,
N,N’,N"-tris(hexamethylene)-isocyanurate, N,N,N’-tris(hexamethylene)-urea, N,N,N’,N’-tetrakis (hexamethylene) -urea
or xylylene; R3, Rg and Rg are each independently H or CH3; W1 is H, CH5, OH or an oxygen atom having a bonding
hand (*); a9 indicates an integer of 1 to 4; a10 indicates an integer of 2 to 4; b1 indicates an integer of 0 to 2; and c4
indicates an integer of 0 to 5.

(32)

[Chem. 84]

H Wy 0% Rs 0
Ryo NTng\o\sz *WOWOW
0 *() 0% Re HO Rs a9 | al0

[0104] In Formula (33), Ry, is toluylene, diphenylmethane, hexamethylene, isophorone (1-methylene-3-ethylene-3-
methyl-5,5-dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene,
N,N’,N"-tris(hexamethylene)-isocyanurate, N,N,N’-tris(hexamethylene)-urea, N,N,N’,N’-tetrakis (hexamethylene)-urea
or xylylene; Rz, Rg and Rg are each independently H or CH3; W1 is H, CH3, OH or an oxygen atom having a bonding
hand (*); a9 indicates an integer of 1 to 4; a10 indicates an integer of 2 to 4; b1 indicates an integer of 0 to 2; and c4

(33)
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indicates an integer of 0 to 5.

[0105] Examples of the polyvalent monomers (1) represented by General Formula (3) include ethylene glycol di (meth)
acrylate, 1,2-propanediol di(meth)acrylate, 1,3-propanediol di(meth)acrylate, 1,4-butanediol di(meth)acrylate, 1,6-hex-
anediol di(meth)acrylate, 1,9-nonanediol di(meth)acrylate, 1,10-decanediol di(meth)acrylate, neopentyl glycol
di(meth)acrylate, 2-methyl-1,8-octanediol di(meth)acrylate, 2-butyl-2-ethyl-1,3-propanediol di(meth)acrylate, 1,2-
bis{3-(meth)acryloyloxy-2-hydroxy-propyloxy}ethane, 1,2-bis{3-(meth)acryloyloxy-2-hydroxy-propyloxy}propane, 1,3-
bis{3-(meth)acryloyloxy-2-hydroxy-propyloxy}propane, 1,4-bis{3-(meth)acryloyloxy-2-hydroxy-propyloxy}butane and
1,6-bis{3-(meth)acryloyloxy-2-hydroxy-propyloxy}hexane.

[0106] Examples of the polyvalent monomers (ll) represented by General Formula (4) include neopentyl glycol hy-
droxypivalate di(meth)acrylate.

[0107] Examples of the polyvalent monomers (ll) represented by General Formula (5) include polyethylene glycol
di(meth)acrylate, 1,2-polypropylene glycol di(meth)acrylate, 1,3-polypropylene glycol di(meth)acrylate, 1,4-polybutylene
glycol di(meth)acrylate, polyethylene glycol-bis{3-(meth)acryloyloxy-2-hydroxy-propyl} ether and 1,2-polypropylene gly-
col-bis{3-(meth)acryloyloxy-2-hydroxy-propyl} ether.

[0108] Examples ofthe polyvalentmonomers (ll) represented by General Formula (6) include 1,2-polypropylene glycol-
bis{(meth)acryloyl-poly(oxyethylene)} ether.

[0109] Examples of the polyvalent monomers (Il) represented by General Formula (7) include 1,3-polypropylene glycol
di(meth)acrylate, 1,4-polybutylene glycol di(meth)acrylate and 1,4-polybutylene glycol-bis{3-(meth)acryloyloxy-2-hy-
droxy-propyl} ether.

[0110] Examples of the polyvalent monomers (ll) represented by General Formula (8) include bis{2-(meth)acryloylthio-
ethyl} sulfide and bis{5-(meth)acryloylthio-3-thiapentyl} sulfide.

[0111] Examples of the polyvalent monomers (Il) represented by General Formula (10) include cyclohexanediol
di(meth)acrylate, bis{(meth)acryloyloxy-methyl}cyclohexane, bis{7-(meth)acryloyloxy-2,5-dioxaheptyl}cyclohexane and
bis{(meth)acryloyloxy-poly(ethyleneoxy)-methyl} cyclohexane.

[0112] Examples of the polyvalent monomers (ll) represented by General Formula (11) include tricyclodecanedimeth-
anol di(meth)acrylate.

[0113] Examples of the polyvalent monomers (ll) represented by General Formula (12) include 2-propenoic acid
{2-(1,1-dimethyl-2-{(1-oxo-2-propenyl)oxy} ethyl)-5-ethyl-1,3-dioxan-5-yl}methyl ester (trade name "KAYARAD R-604",
manufactured by Nippon Kayaku Co., Ltd.).

[0114] Examples of the polyvalent monomers (ll) represented by General Formula (13) include N,N’,N"-
tris{2-(meth)acryloyloxy-ethyl} isocyanurate.

[0115] Examples ofthe polyvalent monomers (1) represented by General Formula (14) include xylylenediol di(meth)acr-
ylate, bis{7-(meth)acryloyloxy-2,5-dioxaheptyl}benzene and bis{(meth)acryloyloxy-poly(ethyleneoxy)-methyl}benzene.
[0116] Examplesofthe polyvalentmonomers (1) represented by General Formula (15) include bisphenol A di(meth)acr-
ylate, bis{(meth)acryloyl-oxyethyl} bisphenol A, bis{(meth)acryloyl-oxypropyl} bisphenol A, bis{(meth)acryloyl-poly(ox-
yethylene)} bisphenol A, bis{(meth)acryloyl-poly(oxy-1,2-propylene)} bisphenol A, bis{3-(meth)acryloyloxy-2-hydroxy-
propyl} bisphenol A, bis{3-(meth)acryloyloxy-2-hydroxy-propyl-oxyethyl} bisphenol A, bis{3-(meth)acryloyloxy-2-hy-
droxy-propyl-oxypropyl} bisphenol A, bis{3-(meth)acryloyloxy-2-hydroxy-propyl-poly (oxyethylene)} bisphenol A and
bis{3-(meth)acryloyloxy-2-hydroxy-propyl-poly (oxy-1,2-propylene)} bisphenol A.

[0117] Examples of the polyvalent monomers (ll) represented by General Formula (16) include bis{(meth)acryloyl-
oxyethyl-oxypropyl} bisphenol A and bis{(meth)acryloylpoly(oxyethylene)-poly (oxy-1,2-propylene)} bisphenol A.
[0118] Examples of the polyvalent monomers (Il) represented by General Formula (17) include naphthalene diol-
di(meth)acrylate and bis{3-(meth)acryloyloxy-2-hydroxy-propyl-oxy}naphthalene.

[0119] Examples of the polyvalent monomers (1) represented by General Formula (18) include 9,9-fluorene diol di
(meth) acrylate, 9,9-bis{4-(2-(meth)acryloyloxy-ethyl-oxy)}fluorene and 9,9-bis{3-phenyl-4-(meth)acryloyloxy-poly(eth-
yleneoxy)} fluorene.

[0120] Examples of the polyvalent monomers (ll) represented by General Formula (19) include phenol novolak epoxy
(meth)acrylate (trade names "NK Oligo EA-6320, EA-7120 and EA-7420", manufactured by Shin-Nakamura Chemical
Co., Ltd.).

[0121] Examples of the polyvalent monomers (Il) represented by General Formula (20) include glycerin-1,3-
di(meth)acrylate, 1-acryloyloxy-2-hydroxy-3-methacryloyloxy-propane, 2,6,10-trihydroxy-4,8-dioxaundecane-1,11-
di(meth)acrylate, 1,2,3-tris{3-(meth)acryloyloxy-2-hydroxy-propyl-oxy} propane, 1,2,3-tris{2-(meth)acryloyloxy-ethyl-
oxy}propane, 1,2,3-tris{2-(meth)acryloyloxy-propyl-oxy}propane, 1,2,3-tris{(meth)acryloyloxy-poly(ethyleneoxy)}pro-
pane and 1,2,3-tris{(meth)acryloyloxy-poly(1,2-propyleneoxy)} propane.

[0122] Examples of the polyvalent monomers (Il) represented by General Formula (21) include trimethylolpropane
trilmeth)acrylate, trimethylolpropane-tris{(meth)acryloyloxy-ethyl-oxy} ether, trimethylolpropane-tris{2-(meth)acryloy-
loxy-propyl-oxy} ether, trimethylolpropane-tris{(meth)acryloyloxy-poly (ethyleneoxy)} ether, trimethylolpropane-
tris{(meth)acryloyloxy-poly (1,2-propyleneoxy)} ether, pentaerythritol trilmeth)acrylate, pentaerythritol tetra(meth)acr-
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ylate, pentaerythritol-tetrakis{(meth)acryloyloxy-ethyl-oxy} ether, pentaerythritol-tetrakis{2-(meth)acryloyloxy-propyl-
oxy} ether, pentaerythritol-tetrakis{(meth)acryloyloxy-poly (ethyleneoxy)} ether and pentaerythritol-tetrakis{(meth)acry-
loyloxy-poly (1,2-propyleneoxy)} ether.

[0123] Examples of the polyvalent monomers (ll) represented by General Formula (22) include ditrimethylolpropane
tetra(meth)acrylate, ditrimethylolpropane-tetrakis{(meth)acryloyloxy-ethyl-oxy} ether, ditrimethylolpropane-tetrakis
{2-(meth)acryloyloxy-propyl-oxy} ether, ditrimethylolpropane-tetrakis{(meth)acryloyloxy-poly (ethyleneoxy)} ether, ditri-
methylolpropane-tetrakis{(meth)acryloyloxy-poly (1,2-propyleneoxy)} ether, dipentaerythritol penta(meth)acrylate,
dipentaerythritol hexa(meth)acrylate, dipentaerythritol-hexa{(meth)acryloyloxy-ethyl-oxy} ether, dipentaerythritol-
hexa{2-(meth)acryloyloxy-propyl-oxy} ether, dipentaerythritol-hexa{(meth)acryloyloxy-poly (ethyleneoxy)} ether and
dipentaerythritol-hexa{(meth)acryloyloxy-poly (1,2-propyleneoxy)} ether.

[0124] Examples of the polyvalent monomers (ll) represented by General Formula (23) include products obtained by
the reaction of hydroxyalkyl (meth)acrylates such as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, 3-
hydroxypropyl (meth)acrylate or 4-hydroxybutyl (meth)acrylate with hexamethylene diisocyanate; products obtained by
the reaction of hydroxyalkyl (meth)acrylates with isophorone diisocyanate; products obtained by the reaction of hydroxy-
alkyl (meth)acrylates with bis(isocyanatomethyl)norbornane; products obtained by the reaction of hydroxyalkyl (meth)acr-
ylates with norbis(4-isocyanatocyclohexyl)methane; products obtained by the reaction of hydroxyalkyl (meth)acrylates
with 1,3-bis(isocyanatomethyl)cyclohexane; and products obtained by the reaction of hydroxyalkyl (meth)acrylates with
m-xylylene diisocyanate.

[0125] Themonomercompositionincludesthe monomer (I) and the polyvalent monomer (1) ina monomer (l)/polyvalent
monomer (lI) molar ratio of 1/1000 to less than 1/30. This molar ratio of the monomer (l) to the polyvalent monomer (Il)
ensures that the obtainable monolayer film achieves excellent transparency even when the film thickness of the monolayer
film is large, and also exhibits excellent scratch resistance.

[0126] Intheinvention,the molarratio ofthe monomer (1) to the polyvalent monomer (1), namely, monomer (l)/polyvalent
monomer (1), is 1/1000 to less than 1/30, preferably 1/500 to less than 1/31, and more preferably 1/300 to less than 1/32.
[0127] The haze value is a frequent indicator of the transparency of coating films. It is accepted that a haze value of
less than 1% is usually needed in applications such as optical applications where high transparency is required.
[0128] On the other hand, while the monolayer film described in Patent Literature 7 is an excellent material as an
antifouling film, an antifogging film or the like, it is often the case that the film has a haze value of 1% or above and that
the film fails to sufficiently satisfy the need for higher scratch resistance. When the molar ratio of the monomer (l) to the
polyvalent monomer (ll) is in the above range, the obtainable monolayer film tends to exhibit excellent transparency with
a haze value of less than 1%. Further, such a monolayer film tends to outperform the film of Patent Literature 7 in terms
of scratch resistance.

[0129] The monomer composition may include an additional monomer (lll) other than the monomers (I) and the
monomers (II) while still achieving the advantageous effects of the invention.

[0130] Examples of the additional monomers (lll) include carboxyl group- or carboxylate salt group-containing mon-
omers other than the monomers (I), such as (meth)acrylic acid; hydroxyalkyl (meth)acrylates such as hydroxyethyl
(meth)acrylate, hydroxypropyl (meth)acrylate and hydroxybutyl (meth)acrylate; alkyl mono(meth)acrylates such as me-
thyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate and isobornyl (meth)acrylate; amino group- or ammonium
salt group-containing monomers such as N,N-dimethyl-aminoethyl-(meth)acrylate and N,N-dimethyl-aminoe-
thyl-(meth)acrylate hydrochloride; sulfonic group- or sulfonate salt group-containing monomers other than the monomers
(), such as sodium vinylsulfonate, styrenesulfonic acid, sodium styrenesulfonate, potassium styrenesulfonate, 2-acry-
lamido-2-methylpropanesulfonic acid and potassium 2-acrylamido-2-methylpropanesulfonate; allyl (meth)acrylate, di-
ethylene glycol bis(allyl carbonate), diallyl phthalate, divinylbenzene, divinylsulfone, glycidyl (meth)acrylate, 3-isoprope-
nyl-o,a-dimethyl-benzyl isocyanate, (meth)acryloyl isocyanate, (meth)acryloyloxyethyl isocyanate, xylylene diisocy-
anate, hexamethylene diisocyanate, bis(isocyanatomethyl)norbornane, isophorone diisocyanate, 1,3-bis(isocyanato-
methyl)cyclohexane and bis(4-isocyanato-cyclohexyl)methane.

[0131] When the refractive index of the monolayer film is to be increased, monomers having sulfur atoms may be used
as the monomers (lll), with examples including 2,5-bis(acryloylthiomethyl)-1,4-dithiane, 1,8-bis (acryloylthio)-5-acry-
loylthiomethyl-3,6-dithiaoctane, 2,5-bis(acryloylthiomethyl)-1,4-dithiane and 1,11-bis(acryloylthio)-4,8-bis (acryloylthi-
omethyl)-3,6,9-trithiaundecane.

[0132] The content of the monomers (lll) in the monomer composition is not particularly limited as long as the advan-
tageous effects of the invention are not impaired. However, such monomers are usually used in not more than 100
mol%, preferably not more than 49 mol%, and more preferably not more than 40 mol% relative to the total of the monomer
(I) and the monomer (1) taken as 100 mol%. When the additional monomers are present in the monomer composition
in the above content, properties such as flexibility, toughness and refractive index may be adjusted.

[0133] Intheinvention,the monomer composition is mixed together with a solventincluding a compound with a solubility
parameter c of not less than 9.3 (cal/cm3).

[0134] The solubility parameter o (cal/cm3) may be calculated based on the following values (1) to (4).
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(1) Latent heat of evaporation per 1 mol: Hb = 21 X (273 + Tb) [unit: cal/mol], Tb: boiling point (°C) of the solvent
(2) Latent heat of evaporation per 1 mol at 25°C: H25 = Hb X {1 + 0.175 X (Tb - 25)/100} [unit: cal/mol], Tb: boiling
point (°C) of the solvent

(3) Intermolecular bond energy: E = H25 - 596 [unit: cal/mol]

(4) Intermolecular bond energy per 1 ml (cm3) solvent: E1 = E X D/Mw [unit: cal/lcm3], D: density (g/cm3), Mw:
molecular weight of the solvent

(5) Solubility parameter: ¢ = (E1)1/2 [unit: cal/cm3]

[0135] Accordingto the configuration in which the mixture contains the monomer composition and the solvent including
a compound with a solubility parameter o (cal/cm3) of not less than 9.3, a certain interaction is produced between the
solvent and the anionic hydrophilic groups derived from the monomer (). Consequently, the removal of the solvent from
the mixture that has been applied onto a substrate takes place in such a manner that the anionic hydrophilic groups (the
monomer (I)) migrate together with the solvent to the surface of the applied mixture which is in contact with outside air,
with the result that the anionic hydrophilic groups are concentrated in the surface and the monolayer film obtained in
the invention attains a structure (a gradient structure) in which the anionic hydrophilic groups are concentrated in the
outer surface of the monolayer film.

[0136] If the solubility parameter o (cal/cm3) is less than 9.3, the above interaction becomes weak and fails to realize
the formation of a sufficient gradient structure. In order to facilitate the formation of this gradient structure, the solubility
parameter c (cal/cm3) is preferably not less than 9.5.

[0137] In order to further facilitate the formation of the gradient structure, solvents having a boiling point of 30 to 170°C
are preferable, solvents having a boiling point of 50 to 140°C are more preferable, and solvents having a boiling point
of 60 to 125°C are still more preferable. In the case where the solvent is a mixed solventincluding two or more compounds,
the highest boiling point of the mixed solvent should be in the above range.

[0138] Examples of the compounds usable as the solvents which have a solubility parameter o (cal/cm3) of not less
than 9.3 and a boiling point of 30 to 170°C include alcohols such as methanol, ethanol, 2-methoxyethanol, cyclohexanol,
1-propanol, IPA (isopropanol), 2-ethoxyethanol, 1-butanol, isobutanol, 1-methoxy-2-propanol, 2-butanol, 1-pentanol, 2-
methyl-1-butanol and isopentanol (3-methyl-1-butanol);

ketones such as cyclohexanone, 2-methylcyclohexanone and acetone;

carboxylic acids such as formic acid, acetic acid and propionic acid;

carboxylate esters such as methyl acetate;

ethers such as dioxane, anisole and THF (tetrahydrofuran);

amides such as DMF (N,N’-dimethylformamide) and DMAC (N,N’-dimethylacetamide);

nitriles such as acetonitrile; and

water.

[0139] Of the above compounds, alcohols are preferable. Of the alcohols, preferred results tend to be obtained with
primary alcohols such as methanol, ethanol, 1-propanol, 2-methoxyethanol, 2-ethoxyethanol, 1-butanol, 1-pentanol, 2-
methyl-1-butanol and isopentanol (3-methyl-1-butanol).

[0140] The solvent may include a single compound with a solubility parameter o (cal/cm3) of not less than 9.3, or a
mixture of such compounds.

[0141] Inthe case where the solventis a mixed solventincluding two or more compounds, at least one of the compounds
should satisfy the solubility parameter requirement. When the solubility parameter of one of the compounds in the solvent
satisfies the above conditions, that compound will have a certain interaction with the anionic hydrophilic groups derived
from the monomer (l). Thus, the removal of the solvent from the mixture that has been applied onto a substrate similarly
takes place in such a manner that the anionic hydrophilic groups (the monomer (1)) migrate together with that compound
to the surface of the applied mixture which is in contact with outside air, with the result that the anionic hydrophilic groups
are concentrated in the surface.

[0142] In the case of a mixed solvent including two or more compounds, the compound with the highest boiling point
tends to be most influential on the formation of a gradient structure. Thus, it is preferable that the compound with the
highest boiling point in the mixed solvent have a solubility parameter o (cal/cm3) of not less than 9.3.

[0143] In the case of a mixed solvent including two or more compounds, the weight ratio of the compound satisfying
the requirement of the solubility parameter o (cal/cm3) to (:) other compound(s) is preferably in the range of 99.9:0.1 to
1:99, more preferably 99:1 to 10:90, and more preferably 98:2 to 30:70.

[0144] Ethanolamine compounds having a hydroxyethylamino structure [NR,R,(CH,CH,0OH) : R, and R, are each
independently a hydrogen atom, an alkyl group of 1 to 15 carbon atoms or a CH,CH,OH group] are desirably not present
in the solvent, although these compounds have a solubility parameter o (cal/cm3) of not less than 9.3. Examples of such
compounds include ethanolamine, diethanolamine, triethanolamine, N-ethyl-ethanolamine, N-(2-ethylhexyl)eth-
anolamine, N-butyl-diethanolamine, N-hexyl-diethanolamine, N-lauryl-diethanolamine and N-cetyl-diethanolamine.
Such an ethanolamine compound has so strong an interaction with the anionic hydrophilic group derived from the
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monomer (I) that the ethanolamine compound and the anionic hydrophilic group interact as if they form a molecule
(typically a salt) to increase the apparent molecular weight of the anionic hydrophilic group. This increase in molecular
weight decreases the speed of migration in the medium and makes it difficult for the anionic hydrophilic groups to be
migrated to the surface in contact with outside air when the solvent is removed from the mixture of the solvent and the
monomer composition that has been applied onto a substrate. Even if the anionic hydrophilic groups are migrated
together with the ethanolamine compound to the surface in contact with outside air, the anion concentration per unit
surface area is inevitably decreased compared to when the anions have no interaction with the ethanolamine compound,
because of the increased apparent molecular weight of the anions which have been interacted with the ethanolamine
compound. Thus, it is difficult for the anions to be concentrated at the surface. In addition to the strong interaction, the
ethanolamine compounds have a relatively high boiling point (about 170°C or above) and are difficult to evaporate.
Consequently, the ethanolamine compounds, even when present in the free form, are unlikely to migrate toward the
surface and tend to remain inside. Thus, the substances resulting from the interaction between the ethanolamine com-
pounds and the anions have been increased in molecular weight and it tends to be more difficult for these substances
to migrate to the surface. That is, the use of a solvent including the ethanolamine compound suppresses the migration
of anions to the surface in contact with outside air and tends to result in residual anions in the mixture of the solvent and
the monomer composition (in the inside of the monolayer film). As a result, the monolayer film obtained according to the
invention tends to fail to have a structure in which the anionic hydrophilic groups are concentrated at the outer surface
(a gradient structure), and tends to be deteriorated in properties such as hydrophilicity.

[0145] Further, the use of the ethanolamine compound as a solvent sometimes results in the occurrence of undesired
side reactions such as the decomposition (such as hydrolysis, alcoholysis, and direct decomposition by the primary or
secondary amino groups of the ethanolamine compound) of the ester bonds present in materials such as the monomer
(1) and the polyvalent monomer (ll), and the direct reaction (the Michael addition) of the primary or secondary amino
groups of the ethanolamine compound to the (meth)acryloyl groups present in the monomer (I) and the polyvalent
monomer (ll), leading to problems such as insufficient polymerization of the monomer mixture and a decrease in the
crosslink density in the monolayer film.

[0146] The mixture containing the monomer composition and the solvent with a solubility parameter o of not less than
9.3 (cal/lcm3) may contain a polymerization initiator as required.

[0147] For example, when the monomer composition in the mixture is polymerized on a substrate by the application
of radiations, for example, UV rays, the mixture containing the monomer composition and the solvent with a solubility
parameter c of not less than 9.3 (cal/cm3) may contain a photopolymerization initiator such as a radical photopolymer-
ization initiator, a cationic photopolymerization initiator or an anionic photopolymerization initiator.

[0148] Preferred examples of the radical photopolymerization initiators include benzophenone, 4-phenylbenzophe-
none, 2,4-diethylthioxanthone, IRGACURE 651 (manufactured by Ciba Specialty Chemicals Inc.), IRGACURE 184
(manufactured by Ciba Specialty Chemicals Inc.), DAROCUR 1173 (manufactured by Ciba Specialty Chemicals Inc.),
IRGACURE 500 (manufactured by Ciba Specialty Chemicals Inc.), IRGACURE 2959 (manufactured by Ciba Specialty
Chemicals Inc.), IRGACURE 127 (manufactured by Ciba Specialty Chemicals Inc.), IRGACURE 907 (manufactured by
Ciba Specialty Chemicals Inc.), IRGACURE 369 (manufactured by Ciba Specialty Chemicals Inc.), IRGACURE 1300
(manufactured by Ciba Specialty Chemicals Inc.), IRGACURE 819 (manufactured by Ciba Specialty Chemicals Inc.),
IRGACURE 1800 (manufactured by Ciba Specialty Chemicals Inc.), DAROCUR TPO (manufactured by Ciba Specialty
Chemicals Inc.), DAROCUR 4265 (manufactured by Ciba Specialty Chemicals Inc.), IRGACURE OXEOQ1 (manufactured
by Ciba Specialty Chemicals Inc.), IRGACURE OXEO02 (manufactured by Ciba Specialty Chemicals Inc.), ESACURE
KT55 (manufactured by Lamberti S.P.A.), ESACURE KIP150 (manufactured by Lamberti S.P.A.), ESACURE KIP100F
(manufactured by Lamberti S.P.A.), ESACURE KT37 (manufactured by Lamberti S.P.A.), ESACURE KTO46 (manu-
factured by Lamberti S.P.A.), ESACURE 1001M (manufactured by Lamberti S.P.A.), ESACURE KIP/EM (manufactured
by Lamberti S.P.A.), ESACURE DP250 (manufactured by Lamberti S.P.A.) and ESACURE KB1 (manufactured by
Lamberti S.P.A.). Of these radical photopolymerization initiators, IRGACURE 184 (manufactured by Ciba Specialty
Chemicals Inc.), DAROCUR 1173 (manufactured by Ciba Specialty Chemicals Inc.), IRGACURE 500 (manufactured
by Ciba Specialty Chemicals Inc.), IRGACURE 819 (manufactured by Ciba Specialty Chemicals Inc.), DAROCUR TPO
(manufactured by Ciba Specialty Chemicals Inc.), ESACURE KIP100F (manufactured by Lamberti S.P.A.), ESACURE
KT37 (manufactured by Lamberti S.P.A.) and ESACURE KTO46 (manufactured by Lamberti S.P.A.) are preferable.
[0149] Examples of the cationic photopolymerization initiators include IRGACURE 250 (manufactured by Ciba Spe-
cialty Chemicals Inc.), IRGACURE 784 (manufactured by Ciba Specialty Chemicals Inc.), ESACURE 1064 (manufactured
by Lamberti S.P.A.), CYRAURE UVI6990 (manufactured by Union Carbide Corp. Japan), ADEKA OPTOMER SP-172
(manufactured by ADEKA CORPORATION), ADEKA OPTOMER SP-170 (manufactured by ADEKA CORPORATION),
ADEKA OPTOMER SP-152 (manufactured by ADEKA CORPORATION) and ADEKA OPTOMER SP-150 (manufactured
by ADEKA CORPORATION).

[0150] Of the photopolymerization initiators, the radical photopolymerization initiators are preferable.

[0151] The photopolymerization initiator is preferably used in an amount of 0.1 to 20 parts by weight, more preferably
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0.5 to 10 parts by weight, and still more preferably 1 to 5 parts by weight with respect to 100 parts by weight of the total
of the monomer (1), the polyvalent monomer (11) and the optional monomer (lll) in the monomer composition.

[0152] In addition to the photopolymerization initiator, the mixture may further contain a photopolymerization acceler-
ator.

[0153] Examples of the photopolymerization accelerators include 2,2-bis(2-chlorophenyl)-4,5-tetraphenyl-2'H-<1,2’>
biimidazolyl, tris(4-dimethylaminophenyl)methane, 4,4’-bis(dimethylamino)benzophenone, 2-ethylanthraquinone and
camphorquinone.

[0154] Further, the mixture containing the monomer composition and the solvent with a solubility parameter ¢ of not
less than 9.3 (cal/cm3) may contain a UV absorber and a hindered amine light stabilizer (HALS).

[0155] In order for the inventive monolayer film to be used as an antifouling material, an antifogging material or the
like which is not denatured even by prolonged exposure to outside, the weather resistance of the obtainable monolayer
film can be improved by the addition of a UV absorber and a hindered amine light stabilizer (HALS) to the mixture.
[0156] The UV absorbers may be any of various kinds of general UV absorbers such as benzotriazole UV absorbers,
triazine UV absorbers, benzophenone UV absorbers, benzoate UV absorbers, propanedioate ester UV absorbers and
oxanilide UV absorbers.

[0157] Examples of the UV absorbers include benzotriazole UV absorbers such as 2-(2H-benzotriazol-2-yl)-p-cresol,
2-(2H-benzotriazol-2-yl)-4-tert-butylphenol, 2-(2H-benzotriazol-2-yl)-4,6-di-tert-butylphenol, 2-(2H-benzotriazol-2-yl)-
4,6-bis(1-methyl-1-phenylethyl) phenol, 2-(2H-benzotriazol-2-yl)-4-(1,1,3,3-tetramethyl-butyl)-6-(1-methyl-1-phenyle-
thyl)phenol, 2-(2H-benzotriazol-2-yl)-4-(3-one-4-oxa-dodecyl)-6-tert-butyl-phenol, 2-{5-chloro(2H)-benzotriazol-2-yl}-
4-(3-one-4-oxa-dodecyl)-6-tert-butyl-phenol, 2-{5-chloro(2H)-benzotriazol-2-yl}-4-methyl-6-tert-butyl-phenol, 2-(2H-
benzotriazol-2-yl)-4,6-di-tert-pentylphenol, 2-{5-chloro(2H)-benzotriazol-2-yl}-4,6-di-tert-butylphenol, 2-(2H-benzotria-
zol-2-yl)-4-tert-octylphenol, 2-(2H-benzotriazol-2-yl)-4-methyl-6-n-dodecylphenol, and a product of the reaction between
methyl-3-{3-(2H-benzotriazol-2-yl)-5-tert-butyl-4-hydroxyphenyl} propionate and polyethylene glycol 300;

triazine UV absorbers such as 2-(4-phenoxy-2-hydroxy-phenyl)-4,6-diphenyl-1,3,5-triazine, 2-(2-hydroxy-4-oxa-hexa-
decyloxy)-4,6-di (2,4-dimethyl-phenyl)-1,3,5-triazine, 2-(2-hydroxy-4-oxa-heptadecyloxy)-4,6-di (2,4-dimethyl-phenyl)-
1,3,5-triazine, 2-(2-hydroxy-4-iso-octyloxy-phenyl)-4,6-di (2,4-dimethyl-phenyl)-1,3,5-triazine, TINUVIN 400 (trade
name, manufactured by Ciba Specialty Chemicals, Inc.), TINUVIN 405 (trade name, manufactured by Ciba Specialty
Chemicals, Inc.), TINUVIN 460 (trade name, manufactured by Ciba Specialty Chemicals, Inc.) and TINUVIN 479 (trade
name, manufactured by Ciba Specialty Chemicals, Inc.);

benzophenone UV absorbers such as 2-hydroxy-4-n-octoxybenzophenone;

benzoate UV absorbers such as 2,4-di-tert-butylphenyl-3,5-di-tert-butyl-4-hydroxybenzoate;

propanedioate ester UV absorbers such as propanedioic acid-{(4-methoxyphenyl)-methylene}-dimethyl ester, HOS-
TAVIN PR-25 (trade name, manufactured by Clariant (Japan) K.K.) and HOSTAVIN B-CAP (trade name, manufactured
by Clariant (Japan) K.K.); and

oxanilide UV absorbers such as 2-ethyl-2’-ethoxy-oxanilide and Sanduvor VSU (trade name, manufactured by Clariant
(Japan) K.K.).

[0158] Of these UV absorbers, preferable results tend to be obtained with triazine UV absorbers.

[0159] The UV absorber is usually used in an amount of 0.1 to 20 parts by weight, and preferably 0.5 to 10 parts by
weight with respect to 100 parts by weight of the total of the monomer (l), the polyvalent monomer (ll) and the optional
monomer (lIll) in the monomer composition.

[0160] Ifthe amountof the UV absorber used is less than the lower limit, the effects tend to be small in the improvement
of the weather resistance of the obtainable monolayer film. The use of the UV absorber in an amount exceeding the
upper limit may result in insufficient polymerization.

[0161] The hindered amine light stabilizers (HALS) are compounds which usually have a 2,2,6,6-tetramethylpiperidine
skeleton, and such compounds are generally abbreviated to as HALS. These compounds are largely classified depending
on the molecular weight into low molecular weight HALS, medium molecular weight HALS and high molecular weight
HALS, as well as into reactive HALS.

[0162] Examples of the HALS include TINUVIN 111FDL (trade name, manufactured by Ciba Specialty Chemicals,
Inc.), bis(1-octyloxy-2,2,6,6-tetramethyl-4-piperidyl) sebacate (trade name: TINUVIN 123 (manufactured by Ciba Spe-
cialty Chemicals, Inc.)), TINUVIN 144 (trade name, manufactured by Ciba Specialty Chemicals, Inc.), TINUVIN 292
(trade name, manufactured by Ciba Specialty Chemicals, Inc.), TINUVIN 765 (trade name, manufactured by Ciba Spe-
cialty Chemicals, Inc.), TINUVIN 770 (trade name, manufactured by Ciba Specialty Chemicals, Inc.), N,N’-bis(3-amino-
propyl)ethylenediamine-2,4-bis [N-butyl-N-(1,2,2,6,6-pentamethyl-4-piperidyl) amino]-6-chloro-1,3,5-triazine conden-
sate (trade name: CHIMASSORB 119FL (manufactured by Ciba Specialty Chemicals, Inc.)), CHIMASSORB 2020FDL
(trade name, manufactured by Ciba Specialty Chemicals, Inc.), dimethyl succinate-1-(2-hydroxyethyl)-4-hydroxy-2,2,6,6-
tetramethyl piperidine polycondensate (trade name: CHIMASSORB 622LD (manufactured by Ciba Specialty Chemicals,
Inc.)), poly[{6-(1,1,3,3-tetramethylbutyl)amino-1,3,5-triazin-2,4-diyl}{(2,2,6,6-tetramethyl-4-piperidyl)imino}hexamethyl-
ene {(2,2,6,6-tetramethyl-4-piperidyl)imino}] (trade name: CHIMASSORB 944FD (manufactured by Ciba Specialty
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Chemicals, Inc.)), Sanduvor 3050 Lig. (trade name, manufactured by Clariant (Japan) K.K.), Sanduvor 3052 Liq. (trade
name, manufactured by Clariant (Japan) K.K.), Sanduvor 3058 Lig. (trade name, manufactured by Clariant (Japan)
K.K.), Sanduvor 3051 Powder. (trade name, manufactured by Clariant (Japan) K.K.), Sanduvor 3070 Powder. (trade
name, manufactured by Clariant (Japan) K.K.), VP Sanduvor PR-31 (trade name, manufactured by Clariant (Japan)
K.K.), Hostavin N20 (trade name, manufactured by Clariant (Japan) K.K.), Hostavin N24 (trade name, manufactured by
Clariant (Japan) K.K.), Hostavin N30 (trade name, manufactured by Clariant (Japan) K.K.), Hostavin N321 (trade name,
manufactured by Clariant (Japan) K.K.), Hostavin PR-31 (trade name, manufactured by Clariant (Japan) K.K.), Hostavin
845 (trade name, manufactured by Clariant (Japan) K.K.) and Nylostab S-EED (trade name, manufactured by Clariant
(Japan) K.K.).

[0163] The HALS is usually used in an amount of 0.1 to 10 parts by weight, preferably 0.5 to 5 parts by weight, and
more preferably 1 to 3 parts by weight with respect to 100 parts by weight of the total of the monomer (1), the polyvalent
monomer (Il) and the optional monomer (lll) in the monomer composition.

[0164] If the amount of the HALS used is less than the lower limit, the effects tend to be small in the improvement of
the weather resistance of the obtainable monolayer film. The use of the HALS in an amount exceeding the upper limit
may result in insufficient polymerization.

[0165] Where necessary, the mixture which contains the monomer composition and the solvent including a compound
with a solubility parameter ¢ of not less than 9.3 (cal/cm3) may contain further additives such as infrared absorbers,
radical scavengers, antioxidants, polymerization inhibitors, pigments, binders, internal release agents, leveling agents,
catalysts, various metal oxides, metals, metal salts, iodine and iodonium salts.

[0166] Such additives as metals or metal oxides, for example, silica and titanium oxide, may be added in order to, for
example, enhance properties such as mechanical strength or heat stability, and to obtain properties such as photore-
sponse properties or bactericidal properties. Further, such additives as metal salts, for example, silver salts and lithium
salts, as well as iodine and iodonium salts may be added in order to obtain bactericidal properties or antibacterial
properties.

[0167] The amounts of these further additives may be determined appropriately in accordance with the purposes.
However, these further additives are usually added in an amount of 0.01 to 200 parts by weight, and preferably 0.1 to
100 parts by weight with respect to 100 parts by weight of the total of the monomer (1), the polyvalent monomer (l1) and
the optional monomer (lll) in the monomer composition.

[0168] In the invention, a mixture is prepared which includes the monomer composition and the solvent including a
compound with a solubility parameter o of not less than 9.3 (cal/cm3), and the mixture is applied onto a substrate.
[0169] Exemplary materials for forming the substrates include crystalline or amorphous inorganic materials such as
silicas, metals and metal oxides; polymer materials such as polymethyl methacrylates, polycarbonates, polyethylene
terephthalates, polyethylenes, polypropylenes, polystyrenes, polyurethane resins, epoxy resins, vinyl chloride resins
and silicone resins, organic materials such as papers and pulps, and hybrid materials composed of inorganic materials
and organic materials such as mixtures of glass fillers and polyethylene terephthalates.

[0170] The substrates in the invention may be formed of the aforementioned exemplary materials. Alternatively, the
substrates used in the invention may be such that the surface of substrates formed of materials such as inorganic
materials and organic materials is coated with coatings or the like.

[0171] Where necessary, the surface of the substrate may be subjected to a surface treatment such as a physical or
chemical treatment, or a primer treatment. For example, this surface treatment is performed for the purpose of activating
the surface of the substrate in order to improve the adhesion (bonding) between the substrate and the monolayer film.
[0172] Examples of the physical or chemical treatments include corona treatments, ozone treatments, low-temperature
plasma treatments using gas such as oxygen gas or nitrogen gas, glow discharge treatments, and oxidation treatments
using chemical agents and the like.

[0173] A primer treatment is carried out by applying a coating agent called a primer coating agent, an undercoating
agent or an anchor coating agent onto the surface of the substrate, and drying the coating film.

[0174] Examples of the coating agents include polymer compositions which contain, as the main components of
vehicles, polymers such as polyesters, polyamides, polyurethanes, epoxy resins, phenolic resins, (meth)acrylic resins,
polyvinyl acetates, polyolefins such as polyethylenes and polypropylenes, modified polyolefins and cellulose resins.
[0175] Examples of the types of the coating agents include solvent-based coating agents in which the polymers are
dissolved in solvents, and aqueous latex or dispersion-type coating agents in which the polymers are dispersed in
aqueous solvents such as water.

[0176] Examples of the polymers used in the aqueous coating agents include polyolefins, polyethylene vinyl alcohols,
polyethyleneimines, polybutadienes, polyurethanes such as urethane acrylic resins and polyester polyurethanes, poly-
vinyl chlorides, silicon acrylic resins, vinyl acetate acrylic resins, acrylic resins, styrene-butadiene copolymers, acrylo-
nitrile-butadiene copolymers, methyl methacrylate-butadiene copolymers, rubbers such as chloroprene rubbers and
polybutadienes, polyacrylate esters, polyvinylidene chlorides, and polymers obtained by modifying these resins with
modifiers such as carboxylic acids.
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[0177] Ofthe coating agents, those coating agents containing polyurethanes are preferable. Polymers having urethane
bonds at any of the main chain and side chains may be used as the polyurethanes. Examples thereof include poly-
urethanes obtained by reacting polyols such as polyester polyols, polyether polyols or acrylic polyols, with isocyanate
compounds.

[0178] Alternatively, the coating agent containing a polyurethane may be a two-part coating agent used in such a
manner that a polyol-containing liquid and an isocyanate compound-containing liquid are mixed together on the spot
and the mixture is applied. In the case of a two-part coating agent, a polyol-containing liquid and an isocyanate compound-
containing liquid may be mixed together by any method without limitation as long as a primer is formed on the substrate.
The ratio in which a polyol and an isocyanate compound are blended is not particularly limited as long as a primer is
formed on the substrate. However, the value given by (OH groups in polyol)/(NCO groups in isocyanate compound) is
usually in the range of 2/1 to 1/40 in terms of equivalent weight.

[0179] Ofthe coating agents containing polyurethanes, preferred coating agents are those which contain polyurethanes
formed from polyester polyols such as condensed polyester polyols and lactone polyester polyols, and such isocyanate
compounds as tolylene diisocyanate, hexamethylene diisocyanate and xylene diisocyanate. Such coating agents ad-
vantageously exhibit excellent adhesion with respect to the substrate and the monolayer film and thus achieve high peel
strength.

[0180] For example, the coating agent may be applied to a substrate by a method such as a gravure coating method,
areverse roll coating method, a knife coating method or a kiss coating method. The amount of the coating agent applied
is usually 0. 01 g/m2 to 10 g/m2, and preferably 0.05 g/m2 to 5 g/m2 on dry basis.

[0181] After the application, at least part of the solvent is removed from the mixture applied to the substrate.

[0182] If the removal of the solvent from the mixture is insufficient, the gradient of anions in the obtainable monolayer
film becomes insufficient and consequently hydrophilicity may be lowered, and further the adhesion between the mon-
olayer film and the substrate tends to be decreased. Thus, the amount of the solvent remaining in the mixture immediately
before the monomer composition is polymerized on the substrate is usually about less than 20 wt%, preferably less than
10 wt%, more preferably less than 5 wt%, still more preferably less than 2 wt%, and most preferably less than 1 wt%.
[0183] The solvent may be removed from the mixture by any method without limitation. Exemplary methods include
a method in which the mixture is allowed to stand at room temperature to let the solvent evaporate naturally, a method
in which the mixture is heated to remove the solvent, a method in which the mixture is allowed to stand at room temperature
and the solvent is removed from the mixture by the action of wind, a method in which the solvent is removed from the
mixture by reducing the pressure, a method in which the solvent is removed from the mixture by pressure reduction and
heating, and a method in which the solvent is removed from the mixture by heating as well as by the action of wind.
[0184] Of these methods, it is preferable to remove the solvent from the mixture by heating and by the action of wind,
that is, by a method in which the solvent is removed from the mixture applied to the substrate by the action of hot wind
or by a method in which the solvent is removed from the mixture by the action of hot wind while heating the substrate
on which the mixture has been applied.

[0185] The heating temperature in the removal of the solvent by heating is usually in the range from room temperature
to 200°C, preferably from 30°C to 150°C, and more preferably from 40°C to 100°C.

[0186] The removal of the solvent may be performed in air atmosphere or an inert gas atmosphere such as nitrogen.
However, it tends to be more preferable that the humidity in the atmosphere be lower. The humidity in the atmosphere
is preferably not more than 70%, more preferably not more than 60%, and still more preferably not more than 55%.
[0187] When the solvent is removed by heating, the evaporation rate is increased by the application of wind to make
it possible, for example, to reduce the residual amount of the solvent, shorten the drying time, and lower the drying
temperature. Further, such a configuration tends to suppress the separation of the film from the substrate (the decrease
in adhesion) and the occurrence of cracks (in the film) during the solvent removal.

[0188] When wind is applied, the wind speed is preferably in the range of 0.1 m/sec to 30 m/sec, more preferably in
the range of 0.1 m/sec to 10 m/sec, and more preferably in the range of 0.2 m/sec to 5 m/sec. Any wind speed exceeding
the upper limit tends to make it difficult to obtain a uniform coating surface. On the other hand, the application of wind
at a speed of less than the lower limit tends to produce insufficient effects.

[0189] The pressure in the solvent removal is not particularly limited. It is relatively preferable to perform the solvent
removal at normal pressure or a reduced pressure. The solvent may be removed at a slightly increased pressure.
[0190] The duration of time of the solvent removal may be determined appropriately in accordance with, for example,
the desired amount of the residual solvent. In consideration of productivity, a shorter time tends to be more preferable.
For example, the solvent removal is carried out for not more than 5 minutes, typically not more than 3 minutes, and more
typically not more than 2 minutes.

[0191] After the mixture is applied to the substrate and at least part of the solvent is removed as described above, the
monomer composition including the monomer (I) and the monomer (I1) is polymerized. The monomer composition may
be polymerized by any method without limitation. The monomer composition may be usually polymerized by heat or
radiation, or by both heat and radiation. The polymerization may be performed in air atmosphere. However, the polym-
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erization is preferably carried outin an inert gas atmosphere such as nitrogen from the viewpoint of, for example, reducing
the polymerization time.

[0192] When the polymerization involves heating, the monomers may be polymerized by adding a thermal radical
generator such as an organic peroxide as required to the monomer composition and heating the composition usually at
a range of room temperature to 300°C.

[0193] When the polymerization involves a radiation, an energy ray usually with a wavelength in the range of 0.0001
to 800 nm may be used as the radiation. Examples of such radiations include o-rays, p-rays, y-rays, X-rays, electron
beams, UV lights and visible lights. An appropriate radiation may be selected in accordance with the chemical composition
of the monomer composition and further in accordance with the photopolymerization initiator and the photopolymerization
accelerator optionally used.

[0194] Of the radiations, UV lights having wavelengths of 200 to 450 nm are preferable.

[0195] The use of aradiation lamp having an output peak in the range of 240 to 270 nm or 370 to 430 nm is preferable
in the case where the inventive monolayer film is produced in such a manner that a UV absorber or HALS is added to
the mixture including the monomer composition and the solvent including a compound with a solubility parameter ¢ of
not less than 9.3 (cal/cm3) and thereafter the monomer composition is polymerized by radiation.

[0196] Electron beams having an output peak in the range of 0.01 to 0.002 nm are also preferable because the
polymerization can be completed in a short time, although such apparatuses are expensive.

[0197] In order to prevent the polymerization from being inhibited by oxygen, the polymerization may be performed in
such a manner that after at least part of the solvent is removed from the mixture applied to a substrate, the coating layer
of the mixture is covered with a covering material such as a film and thereafter the monomers are polymerized. The
coating layer is desirably covered with a covering material tightly so that air (oxygen) will not be entrapped between the
coating layer and the covering material. By excluding air, in particular oxygen, the radiation dose may be sometimes
decreased when the polymerization is made by radiation, and the amount of a polymerization initiator can be reduced
when a polymerization initiator such as a photopolymerization initiator is used in the polymerization.

[0198] The covering materials are not particularly limited and various materials may be used in various forms as long
as oxygen can be blocked. Films are preferable in terms of handleability. When the polymerization is performed by
radiation, transparent films which have high radiation transmittance and do not inhibit the polymerization are preferable.
[0199] Exemplary materials for the covering materials include vinyl alcohol polymers such as polyvinyl alcohols (PVA)
and ethylene-vinyl alcohol copolymers, polyacrylamides, polyisopropyl acrylamides, polyacrylonitriles, polycarbonates
(PC), polymethyl methacrylates (PMMA), polyethylene terephthalates (PET), polystyrenes (PS) and biaxially oriented
polypropylenes (OPP).

[0200] The thickness of the covering materials, typically films, is usually in the range of 3 to 200 wm, preferably 5 to
100 wm, and more preferably 10 to 50 pm.

[0201] In the inventive monolayer film, as well as in a stack in which the monolayer film is disposed on at least one
surface of a substrate, the monolayer film may remain covered with the above covering material. The presence of the
covering material on the monolayer film can prevent the monolayer film from being scratched or fouled during transpor-
tation, storage, laying out and the like of the monolayer film or the stack.

[0202] The inventive monolayer film formed on the substrate as described above has at least one anionic hydrophilic
group selected from the sulfonic group (SO3°), the carboxyl group (CO,") and the phosphoric group (PO,"), and the anion
concentration ratio (Sa/Da) of the anion concentration (Sa) at the outer surface to the anion concentration (Da) at the
middle point between the inner surface in contact with the substrate and the outer surface is not less than 1.1.

[0203] Here, the middle point between the inner surface in contact with the substrate and the outer surface is a point
which halves the length between the inner surface in contact with the substrate and the outer surface in contact with
outside air as viewed along the direction of film thickness of the monolayer film.

[0204] The anion concentration ratio is determined by cutting at a slant the monolayer film provided on the substrate,
and measuring the anion concentration in the outer surface of the monolayer film in contact with outside air and the
anion concentration at the middle point between the inner surface and the outer surface with a time-of-flight secondary
ion mass spectrometer (TOF-SIMS).

[0205] In the inventive monolayer film, the anions are distributed in the monolayer film with differing concentrations
from the inner surface on the substrate side to the outer surface in contact with outside air. The anions have different
concentrations such that the anions have the largest population in the outer surface in contact with outside air. The
reason why the anions have different concentrations in the film thickness direction is probably because the hydrophilic
anions are self-assembled to the surface in contact with outside air during the course of the formation of the monolayer
film. Because the highly hydrophilic groups in the form of anions are present in a high concentration in the outer surface
of the monolayer film, the inventive monolayer film exhibits excellent properties in terms of antifogging properties,
antifouling properties or self-cleaning properties, antistatic properties and anti-dust properties.

[0206] The anion concentration ratio (Sa/Da) is preferably not less than 1.2, and more preferably not less than 1.3.
When the anion concentration ratio is equal to or greater than this value, the monolayer film tends to achieve further
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improvements in properties such as antifogging properties, antifouling properties or self-cleaning properties, antistatic
properties and anti-dust properties. The anion concentration ratio (Sa/Da) is usually about 20.0 or less.

[0207] The water contact angle of the inventive monolayer film is usually not more than 30°, preferably not more than
20°, and more preferably not more than 10°. When the water contact angle is not more than the upper limit, the monolayer
film exhibits high hydrophilicity and is an excellent hydrophilic material which does not repel water (which is wetted with
water). Thus, the monolayer films are useful as, for example, antifogging materials, antifogging films (hereinafter, also
antifogging coats), antifouling materials, antifouling films or self-cleaning coats, antistatic materials, quick-dry materials
or quick-dry coats, and antistatic films or anti-dust coats.

[0208] When used as an antifogging coat as an example, the film allows water droplets to spread on the surface to
form a water film, thus achieving excellent antifogging effects. When used as a self-cleaning coat, water can penetrate
into between the dirt and the coating face to lift and remove the dirt, thus achieving excellent antifouling effects.
[0209] The inventive monolayer films having the anionic hydrophilic groups outperform conventional films having
nonionic hydrophilic groups in terms of antistatic properties, and are therefore useful also as antistatic materials and as
antistatic films or anti-dust coats.

[0210] The thickness of the monolayer film may be determined appropriately in accordance with the application, but
is usually in the range of 0.1 to 100 wm, preferably 0.5 to 20 wm, and more preferably 1 to 10 pm.

[0211] The inventive monolayer films may be produced with various forms by, for example, designing the shapes of
the substrates.

[0212] The inventive monolayer film may be used also as a stack in which the monolayer film is combined with a
substrate. This stack according to the invention may be produced by forming the monolayer film on at least one surface
of a substrate by any of the aforementioned methods.

[0213] In the stack, a pressure-sensitive adhesive layer may be disposed on the other surface of the substrate on
which the monolayer film is not disposed.

[0214] Such astack having a pressure-sensitive adhesive layer may be easily attached as, for example, an antifogging
film or an antifouling film to surfaces such as glasses, bathroom mirrors or the like, surfaces of display devices such as
displays and televisions, information boards such as signboards, advertisements and guideboards, indicators such as
railroad indicators and traffic signs, exterior walls and interior walls of buildings, and window glasses.

[0215] The pressure-sensitive adhesive layer may be formed on the substrate by applying a pressure-sensitive ad-
hesive to the surface of the substrate on which the monolayer film is not disposed, and removing the solvent as required.
Any pressure-sensitive adhesives may be used without limitation. Examples of the pressure-sensitive adhesives include
acrylic pressure-sensitive adhesives, rubber pressure-sensitive adhesives, vinyl ether polymer pressure-sensitive ad-
hesives and silicone pressure-sensitive adhesives. The thickness of the pressure-sensitive adhesive layer is usually in
the range of 2 to 50 wm, and preferably 5 to 30 um.

[0216] A peel layer may be further disposed on the pressure-sensitive adhesive layer.

[0217] Inthe stack of the invention, a peelable cover layer may be further disposed on the surface of the monolayer film.
[0218] The inventive stacks may be produced with various forms by, for example, designing the shapes of the sub-
strates. For example, the monolayer films and the stacks according to the invention may be used in such forms as films,
sheets and tapes. Further, the inventive monolayer films may be used also as primer layers.

[0219] The monolayer films and the stacks of the invention exhibit excellent hydrophilicity and are useful as such
materials as antifogging materials, antifouling materials and antistatic materials. For example, stacks in which the in-
ventive monolayer films are laminated on substrates composed of transparent materials such as transparent resins and
glasses may be used as stacks having excellent transparency, hydrophilicity, antifogging properties and antifouling
properties as well as excellent antistatic properties, quick-dry properties and anti-condensation properties.

[0220] Thus, the monolayer films and the stacks according to the present invention may be used in applications
including materials for transport machines, typically automobiles, ships and airplanes, such as bodies, wheels, exterior
materials and interior materials; building materials and housing materials such as exterior wall materials, interior wall
materials, floor materials, furniture materials, bathroom materials, lavatory materials, kitchen materials such as air fans,
toilet materials and pipe materials; construction materials such as sound insulating boards located at places such as
expressways; garment materials such as cloths, fabrics and fibers; optical materials such as window materials, mirrors,
optical films, optical disks, eyeglasses, contact lenses, goggles, reflective films and reflectors; illuminating materials
such as lamp materials and light materials; industrial materials such as cooling fins; electric and electronic materials
such as electric appliance materials, wiring materials, materials for displays such as touch panels and flat panels, and
photoresists; printing materials such as inkjet recording materials, and printing or typing primers; and commodity materials
such as cosmetic containers.

EXAMPLES

[0221] Hereinbelow, the present invention will be described in further detail by presenting examples and other discus-
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sions. However, the scope of the invention is not limited to such examples.
[0222] In the invention, properties of films were evaluated as follows.

(Measurement of water contact angle)

[0223] The water contact angle was measured with respect to 3 points for each sample by the use of water contact
angle meter CA-V manufactured by Kyowa Interface Science Co., Ltd. The measured values were averaged to give a
value of water contact angle.

(Measurement of haze)

[0224] The haze was measured with respect to 4 points for each sample by the use of haze meter NDH2000 manu-
factured by NIPPON DENSHOKU INDUSTRIES CO., LTD. The measured values were averaged to give a haze value.

(Scratch resistance test)

[0225] The surface was scrubbed with steel wool #0000 ten times back and forth under the application of a prescribed
constant load.

[0226] The scratch resistance was evaluated to be O when no scratches were produced, A when 1 to 5 streaks of
scratches were produced, and X when 6 to countless streaks of scratches were produced.

(Evaluation of antifogging properties)

[0227] The antifogging properties were evaluated to be O when the surface did not become fogged with breath, and
X when the surface became fogged with breath.

(Evaluation of antifouling properties)

[0228] The surface was marked with oil-based marker "Mackee Gokuboso (ultrafine)" (black, code: MO-120-MC-BK)
manufactured by ZEBRA CO. , LTD., and water droplets were dropped thereon, allowed to stand for 30 seconds, and
wiped with tissue paper. The antifouling properties were evaluated to be O when the mark came off, and X when the
mark did not come off and remained.

(Evaluation of adhesion)
[0229] The adhesion was evaluated by a crosscut adhesion test.
(Measurement of anion and cation concentration ratio)

[0230] A sample was cut at a slant as illustrated in the view of sample preparation in Fig. 1. The anion concentration
(Sa) in the outer surface and the anion concentration (Da) at the middle point were measured with a time-of-flight
secondary ion mass spectrometer (TOF-SIMS). The obtained values were expressed as an anion concentration ratio
(Sa/Da) of the anion concentration in the outer surface of the monolayer film in contact with outside air to the anion
concentration at the middle point between the inner surface and the outer surface of the monolayer film.

(Analyzer and measurement conditions)

[0231] TOF-SIMS: TOF-SIMS5 manufactured by ION TOF

Primary ions: Bis2* (accelerating voltage 25 kV)

Measurement area: 400 um?2

[0232] In the measurement, a neutralizing gun for correcting electric charges was used.

(Preparation and analysis of sample)
[0233] As illustrated in Fig. 1, a sample in which a coating layer 20 was provided on a surface of a substrate 10 was
cut at a slant accurately along a cutting direction 30. Thereafter, an approximately 10 X 10 mm?2 piece was cut out, and

a mesh was placed on the measurement surface. The sample was then fixed to a sample holder, and the anion con-
centrations were measured with a time-of-flight secondary ion mass spectrometer (TOF-SIMS) with respect to a coating
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layer surface 40 in contact with outside air and an inside 50 of the coating layer which was within the monolayer film (at
a point halving (1/2) the film thickness, an inner surface of the coating layer in contact with the substrate 10).

(Evaluation)

[0234] The evaluation was made according to the following equation. The ion concentrations at respective measure-
ment points were based on relative intensities (relative to the total of detected ions).

[0235] Anion concentration ratio = anion concentration in coating layer surface 40/anion concentration at 1/2 film
thickness of coating layer 20

[Reference Examples 1 to 5]

(Preparation of solution 1)

[0236] A solution 1 including a homogeneous monomer composition with 80 wt% non-volatile content (NV) was pre-
pared according to the formulation described in Table 1.

[0237] [Table 1]

Table 1
Solution 1

Material name  Molecular weight Amount(g) Amount (mmol)  Concentration (wt%)

SPA-K 232.3 3.00 12.91 2.3
A-200 302.3 35.00 115.77 271

A-GLY-9E 650.7 10.00 15.37 7.8
A-9530 524.5 55.00 104.86 42.6
Methanol 25.80 20.0

S-EED 0.20 0.45 0.2
129.0 249.37 100.0

Non-volatile content (wt%) = 80
Monomer (l)/polyvalent monomer (II) molar ratio = 0.0547
Polyvalent monomer (ll)/monomer (I) molar ratio = 18.3

[Chem. 85]
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(Preparation of monolayer film formation mixture 1)

[0238] 7.8 g of methanol was added to 0.3 g of polymerization initiator IRGACURE 127 (2-hydroxy-1-{4-[4-(2-hydroxy-
2-methyl-propionyl)-benzyl] phenyl}-2-methyl-propan-1-one). These were mixed with each other to give a solution. Fur-
ther, 12.5 g of the solution 1 with a non-volatile content of 80 wt% was added thereto. These were mixed with each other
to give a solution. Thus, a monolayer film formation mixture 1 with a non-volatile content of 50 wt% was obtained.

(Formation of monolayer films)

[0239] The monolayer film formation mixture 1 was applied to a polycarbonate plate as a substrate (manufactured by
TAKIRON CO., LTD.) with a bar coater. In order to evaluate monolayer films with different film thicknesses in Reference
Examples 1 to 5, the rod numbers of bar coaters used for the application in Reference Examples 1 to 5 were changed
as follows.

[0240] Reference Example 1: #03 (monolayer film thickness: 2 um as dry)

[0241] Reference Example 2: #05 (monolayer film thickness: 3 wm as dry)

[0242] Reference Example 3: #08 (monolayer film thickness: 5 wm as dry)

[0243] Reference Example 4: #12 (monolayer film thickness: 8 um as dry)

[0244] Reference Example 5: #20 (monolayer film thickness: 14 um as dry)

[0245] Immediately after the application, the wet films were dried with a hot air dryer at 45 to 50°C for 2 minutes. After
being dried, the films were passed through a UV conveyer (an electrodeless discharge lamp H bulb, Fusion UV Systems
Japan K.K., conveyer speed 18 m/min) three times (accumulated dose 900 mJ/cm2), thereby forming monolayer films
having respective film thicknesses on the polycarbonate plates in Reference Examples 1 to 5. Lastly, the films were
washed with running water in order to clean the outer surfaces of the monolayer films in contact with outside air, and
the film surfaces were dried by air blowing. The obtained monolayer films were subjected to evaluations, the results
being set forth in Table 2.

[0246] [Table 2]

Table 2
Results of tests with monomer (l)/polyvalent monomer (Il) molar ratio = 1/18
*Scratch
No. Film thickness Appearance Water contact angle (°) Haze (%) resistance Adhesion
1kg 3kg 6kg

Ref. Ex. 1 2 pm Transparent 4.6 0.6 X X X 100/100
Ref. Ex. 2 3 pm Transparent 4.9 0.6 O X X 100/100
Ref. Ex. 3 5 pm Transparent 4.3 0.6 O O X 100/100
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(continued)

Results of tests with monomer (l)/polyvalent monomer (ll) molar ratio = 1/18

*Scratch
No. Film thickness Appearance Water contact angle (°) Haze (%) resistance Adhesion
1kg 3kg 6kg
Ref. Ex. 4 8 pm Transparent 4.3 1.0 O O A 100/100
Ref. Ex. 5 14 pm Slightly whitened 5.2 2.0 O O O 100/100

* Steel wool #0000 X 10 times back and forth, O No scratches, A 5 or less scratches, X 6 or more scratches

[0247] It has been illustrated that when the monomer (1) /polyvalent monomer (Il) molar ratio is outside the range
specified in the invention, increasing the film thickness to obtain higher scratch resistance tends to be accompanied by
an increase in haze and a decrease in transparency.

[Example 1]

(Preparation of solution 2)

[0248] A solution 2 which included a homogeneous monomer composition with 80 wt% non-volatile content containing
no hydrophilic monomer SPA-K was prepared according to the formulation described in Table 3.

[0249] [Table 3]

Table 3
Solution 2

Material name  Molecular weight Amount(g) Amount (mmol)  Concentration (wt%)

SPA-K 232.3 0.00 0.00 0.0
A-200 302.3 35.00 115.77 27.9

A-GLY-9E 650.7 10.00 15.37 8.0
A-9530 524.5 55.00 104.86 43.9
Methanol 25.05 20.0

S-EED 0.20 0.45 0.2
125.3 236.45 100.0

Non-volatile content (wt%) = 80
Monomer (l)/polyvalent monomer (II) molar ratio = 0.0000
Polyvalent monomer (ll)/monomer (I) molar ratio = -

(Preparation of monolayer film formation mixture 2)

[0250] 6.2 g of methanol was added to 0.24 g of polymerization initiator IRGACURE 127 (2-hydroxy-1-{4-[4-(2-hydroxy-
2-methyl-propionyl)-benzyl] phenyl}-2-methyl-propan-1-one). These were mixed with each other to give a solution. Fur-
ther, 5.9 g of the solution 1 with a non-volatile content of 80 wt% and 4.1 g of the solution 2 with a non-volatile content
of 80 wt% were added thereto. These were mixed together to give a solution. Thus, a monolayer film formation mixture
2 with a non-volatile content of 50 wt% was obtained.

(Formation of monolayer films)

[0251] The monolayer film formation mixture 2 was applied to a polycarbonate plate as a substrate (manufactured by
TAKIRON CO., LTD.) with a bar coater #12. Immediately after the application, the wet films were dried with a hot air
dryer at 45 to 50°C for 2 minutes. After being dried, the films were passed through a UV conveyer (an electrodeless
discharge lamp H bulb, Fusion UV Systems Japan K. K., conveyer speed 18 m/min) three times (accumulated dose
900 mJ/cm?) thereby forming monolayer films having a film thickness of about 8 wm on the polycarbonate plates. Lastly,
the films were washed with running water in order to clean the outer surfaces of the monolayer films in contact with
outside air, and the film surfaces were dried by air blowing. The obtained monolayer films were subjected to evaluations,
the results being set forth in Table 4.
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[Examples 2 and 3]
[0252] Monolayer films were prepared and evaluated in the same manner as in Example 1, except that the mixing

ratio of the solution 1 and the solution 2 was changed as described in Table 4. The results are described in Table 4.
[0253] [Table 4]

Table 4
Results of evaluations in Examples 1 to 3 (film thickness 8 pm)
Solution  Solution  **Molar Water contact .
No. 1 9 ratio Appearance angle Haze -Stcratcg ) Adhesion
N resistance
(@) (9) ) (%) °

Ref.

Ex 4 10.0 0.0 118 Transparent 4.3 1.0 A 100/100
Ex. 1 5.9 41 1/31 Transparent 4.3 0.5 O 100/100
Ex.2 4.0 6.0 1/46 Transparent 3.7 0.3 O 100/100
Ex.3 3.0 7.0 1/61 Transparent 4.4 0.2 O 100/100

* Steel wool #0000 X 6 kg load X 10 times back and forth, O No scratches, A 5 or less scratches, X 6 or more scratches
** Monomer (I)/polyvalent monomer (II) molar ratio

[Examples 4 to 6]

[0254] Monolayer films were prepared and evaluated in the same manner as in Example 1, except that the mixing
ratio of the solution 1 and the solution 2 was changed as described in Table 5 and that the rod number of the bar coater
was changed from #12 to #20 (monolayer film thickness: 14 um as dry). The results are described in Table 5.

[0255] [Table 5]

Table 5
Results of evaluations in Examples 4 to 6 (film thickness 14 pum)

Solution Solution **Molar Water contact *Scratch

No. . Appearance Haze - Adhesion
1 2 ratio angle resistance 6
(9 (9 ) (%) kg

Ref. Slightly

Ex 5 10.0 0.0 1/18 whitened 5.2 2.0 O 100/100
Ex.4 5.9 4.1 1/31 Transparent 45 0.6 O 100/100
Ex.5 4.0 6.0 1/46 Transparent 3.9 0.4 O 100/100
Ex.6 3.0 7.0 1/61 Transparent 4.4 0.2 O 100/100

* Steel wool #0000 X 6 kg load X 10 times back and forth, O No scratches, A 5 or less scratches, X 6 or more scratches
** Monomer (l)/polyvalent monomer (II) molar ratio

[0256] It has been demonstrated that transparency and scratch resistance are improved by controlling the monomer
(1) /polyvalent monomer (ll) ratio to be in the inventive range.

[Reference Examples 6 to 9]
(Preparation of solution 3)
[0257] A solution 3 including a homogeneous monomer composition with 50 wt% non-volatile content was prepared

according to the formulation described in Table 6.
[0258] [Table 6]
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Table 6
Solution 3
Material name Molecular weight Amount(g) Amount (mmol)  Concentration (wt%)
SPA-K 2323 2.50 10.76 1.5
PE-3A 298.3 80.00 268.20 48.4
Methoxyethanol 82.70 50.0
S-EED 0.20 0.1
165.4 279.41 100.0

Non-volatile content (wt%) = 50
Monomer (l)/polyvalent monomer (ll) molar ratio = 0.0401
Polyvalent monomer (ll)ymonomer (I) molar ratio = 24.9

[Chem. 86]

OoH @
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(Preparation of polymerization initiator solution 3)

[0259] 50 g of IRGACURE 127 (2-hydroxy-1-{4-[4-(2-hydroxy-2-methyl-propionyl)-benzyl] phenyl}-2-methyl-propan-
1-one) and 50 g of methanol were mixed with each other to give a solution. Thus, a polymerization initiator solution 3
with a non-volatile content of 50 wt% was obtained.

(Preparation of monolayer film formation mixture 3)

[0260] 10.0 g of the solution 3 and 0.3 g of the polymerization initiator solution 3 were mixed with each other to give
a monolayer film formation mixture 3 with a non-volatile content of 50 wt%.

(Formation of monolayer films)

[0261] The monolayer film formation mixture 3 was applied to a polycarbonate plate as a substrate (manufactured by
TAKIRON CO., LTD.) with a bar coater. In order to evaluate monolayer films with different film thicknesses in Reference
Examples 6 to 9, the rod numbers of bar coaters used for the application in Reference Examples 6 to 9 were changed
as follows. After the application, the wet films were treated to give monolayer films and the monolayer films were evaluated
in the same manner as in Reference Examples 1 to 5. The results are described in Table 7.

[0262] Reference Example 6: #02 (monolayer film thickness: 1 um as dry)

[0263] Reference Example 7: #03 (monolayer film thickness: 2 um as dry)

[0264] Reference Example 8: #05 (monolayer film thickness: 3 um as dry)

[0265] Reference Example 9: #08 (monolayer film thickness: 5 um as dry)

[0266] [Table 7]

Table 7
Results of tests with monomer (1) /polyvalent monomer (lI) molar ratio = 1/25
No. Film thickness *Appearance *Water contact angle (°) *Haze (%)
Ref. Ex. 6 1 pm Transparent 8.1 0.9
Ref. Ex. 7 2 pm Slightly whitened 6.2 2.0
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(continued)

Results of tests with monomer (1) /polyvalent monomer (lI) molar ratio = 1/25

No. Film thickness *Appearance *Water contact angle (°) *Haze (%)
Ref. Ex. 8 3 um Whitened 7.6 12.3
Ref. Ex. 9 5pm Whitened 9.7 25.3

*Evaluated after washing under running water

[0267] Similarly to Reference Examples 1 to 5, it has been illustrated that when the monomer (I)/polyvalent monomer
(II) ratio is outside the range specified in the invention, increasing the film thickness tends to be accompanied by an
increase in haze and a decrease in transparency.

[Example 7]

(Preparation of solution 4)

[0268] A solution 4 which included a homogeneous monomer composition with 50 wt% non-volatile content containing
no hydrophilic monomer SPA-K was prepared according to the formulation described in Table 8.

[0269] [Table 8]

Table 8
Solution 4

Material name Molecular weight Amount(g) Amount (mmol)  Concentration (wt%)

SPA-K 2323 0.00 0.00 0.0
PE-3A 298.3 80.00 268.20 49.9
Methoxyethanol 80.20 50.0

S-EED 0.20 0.45 0.1
160.4 268.65 100.0

Non-volatile content (wt%) = 50
Monomer (l)/polyvalent monomer (ll) molar ratio = 0.000
0 Polyvalent monomer (Il))monomer (l) molar ratio = -

(Preparation of monolayer film formation mixture 4)

[0270] 5.0 g of the solution 3, 5.0 g of the solution 4 and 0.3 g of the polymerization initiator solution 3 were mixed
together to give a solution. Thus, a monolayer film formation mixture 4 with 50 wt% non-volatile content was obtained.

(Formation of monolayer films)

[0271] The monolayer film formation mixture 4 was applied to a polycarbonate plate as a substrate (manufactured by
TAKIRON CO., LTD.) with a bar coater #05. Immediately after the application, the wet films were dried with a hot air
dryer at 45 to 50°C for 2 minutes. After being dried, the films were passed through a UV conveyer (an electrodeless
discharge lamp H bulb, Fusion UV Systems Japan K.K., conveyer speed 18 m/min) three times (accumulated dose 900
mJd/cm 2) thereby forming monolayer films having a film thickness of about 3 um on the polycarbonate plates. Lastly,
the films were washed with running water in order to clean the outer surfaces of the monolayer films in contact with
outside air, and the film surfaces were dried by air blowing. The obtained monolayer films were subjected to evaluations,
the results being set forth in Table 9.

[Examples 8 to 10]
[0272] Monolayer films were prepared and evaluated (monolayer film thickness: 3 wm as dry) in the same manner as
in Example 7, except that the mixing ratio of the solution 3 and the solution 4 was changed as described in Table 9.

[0273] The results are described in Table 9.
[0274] [Table 9]
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Table 9
Results of evaluations in Examples 7 to 10 (film thickness 3 pum)
No. Solution 3 (g) Solution 4 (g) *Molarratio  Appearance Water contact angle (°) Haze (%)
Ref. Ex. 8 10.0 0.0 1/25 Whitened 7.6 12.3
Ex. 7 5.0 5.0 1/50 Transparent 55 0.7
Ex. 8 2.5 7.5 1/100 Transparent 4.8 0.3
Ex. 9 1.7 8.3 1147 Transparent 3.8 0.4
Ex. 10 1.3 8.7 1/192 Transparent 5.2 0.2

* Monomer (l)/polyvalent monomer (II) molar ratio

[0275] Transparency was markedly improved by controlling the monomer (l) /polyvalent monomer (ll) ratio to be in
the inventive range.

[0276] With respect to the monolayer films obtained in Example 4 and Example 10, the relative ion intensity ratios
(distributions of anion and cation concentrations) in cut sections of the films were analyzed with TOF-SIMS. The results
are described in Table 10.

[0277] [Table 10]

Table 10
Gradient (based on relative ion intensities)

. Ex. 4 Ex. 10
Testitems Molar ratio** = 1/31  Molar ratio™ = 1/192
Appearance Transparent Transparent
Water contact angle (°) 4.5 5.2
Haze (%) 0.6 0.2
Crosscut adhesion test 100/100 100/100
Antifogging properties (breath) O O
Antifouling properties (oil-based marker) O O
Sulfonic groups
Intensity of sulfonic groups on outer surface of film, Sa* 3.9E+00 2.6E+00
Intensity of sulfonic groups at middle point in film, Da* 1.0E+00 5.8E-01
Intensity* of sulfonic groups on inner surface of film 7.8E-01 5.2E-01
Gradient (Sa/Da) 3.9 4.5

* Relative intensities of SO3- (m/z = 80) (relative to total ions)
** Monomer (l)/polyvalent monomer (II) molar ratio

[Example 11]
(Preparation of solution 5)
[0278] A solution 5 including a homogeneous monomer composition with 80 wt% non-volatile content was prepared

according to the formulation described in Table 11.
[0279] [Table 11]

Table 11
Solution 5
Material name Molecular weight Amount (g) Amount (mmol) Concentration (wt%) Remarks
SPA-K 232.3 2.0 8.6 0.7 Monomer (1)
P-2M 322.3 0.5 1.6 0.2 Monomer (1)
A-GLY-9E 650.7 40.0 61.5 13.2 Polyvalent monomer (1)
A9300-1CL 537.2 5.0 9.3 1.6 Polyvalent monomer (1)
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(continued)
Solution 5
Material name Molecular weight Amount (g) Amount (mmol) Concentration (wt%) Remarks
U-15HA 2078.1 55.0 26.5 18.1 Polyvalent monomer (I1)
M-402 578.6 140.0 242.0 46.2 Polyvalent monomer (I1)
S-EED 0.1 0.0 Stabilizer
Methanol 60.7 20.0 Solvent
303.3 100.0

Non-volatile content (wt%) = 80.0
Monomer (l)/polyvalent monomer (Il) molar ratio = 0.030
Polyvalent monomer (ll)/monomer (I) molar ratio = 33

[Chem. 87]
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(Preparation of monolayer film formation mixture 5)

[0280] 0.3 g of methanol was added to 0.3 g of polymerization initiator RGACURE 127. These were mixed with each
other to give a solution. Next, 12.5 g of the solution 5 with a non-volatile content of 80 wt% was added, and further 6.0
g of a diluent solvent described in Table 12 was added. These were mixed together to give a monolayer film formation
mixture 5 with a non-volatile content of 52 wt%.

(Formation of monolayer films)

[0281] The monolayer film formation mixture 5 was applied to a polycarbonate plate as a substrate with a bar coater
#18. Immediately after the application, the wet films were dried with a hot air dryer at 45 to 55°C for 2 minutes. After
being dried, the films were passed through a UV conveyer (an electrodeless discharge lamp H bulb, Fusion UV Systems
Japan K. K., conveyer speed 18 m/min) one time (accumulated dose 300 mJ/cm?2), thereby forming monolayer films
having a film thickness of about 13 wm on the polycarbonate plates. Lastly, the films were washed with running water
in order to clean the outer surfaces of the monolayer films in contact with outside air, and the film surfaces were dried
by air blowing. The obtained monolayer films were subjected to evaluations, the results being set forth in Table 12.
[0282] [Table 12]
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[Example 12]
(Preparation of monolayer film formation mixture 6)

[0283] 0.9 g of methoxyethanol was added to 0. 6 g of polymerization initiator IRGACURE 127. These were mixed
with each other to give a solution. Next, 25.0 g of the solution 5 with a non-volatile content of 80 wt% was added, and
further 5.0 g and 10 . 0 g of methanol and methoxyethanol, respectively, as diluent solvents were added. These were
mixed together to give a solution. Thus, a monolayer film formation mixture 6 with a non-volatile content of 50 wt% was
obtained.

(Formation of monolayer films)

[0284] The monolayer film formation mixture 6 was applied to a polycarbonate plate as a substrate with a bar coater
#20. Immediately after the application, the wet films were dried with a hot air dryer at 43 to 47°C while changing the wind
speed for a duration of time described in Table 13. Here, drying at a wind speed of 0 m/sec (no wind applied) was
performed with an IR (infrared) dryer. After being dried, the films were passed through a UV conveyer (an electrodeless
discharge lamp H bulb, Fusion UV Systems Japan K.K., conveyer speed 18 m/min) one time (accumulated dose 300
mJ/cm2), thereby forming monolayer films having a film thickness of about 13 wm on the polycarbonate plates. Lastly,
the films were washed with running water in order to clean the outer surfaces of the monolayer films in contact with
outside air, and the film surfaces were dried by air blowing. The obtained monolayer films were subjected to evaluations,
the results being set forth in Table 13.

[0285] [Table 13]

Table 13
Results of Example 13
Drying conditions Appearance Water contact Haze *S.C ratch
angle resistance
Windspeed  Temperature  Time ©) (%) 1kg 3kg 6kg Remarks
m/sec °C min
3.3 43-47 2 Transparent 4.0 0.3 O O A
2.8 43-47 2 Transparent 3.6 0.2 O O A
1.9 43-47 2 Transparent 4.0 0.3 O O A
0.9 43-47 2 Transparent 54 0.3 O O A
0.0 43-47 2 Transparent 4.2 0.2 O O A Cracks

*Steel wool #0000 X 10 times back and forth. O No scratches, A 1 to 5 scratches, X 6 or more scratches

REFERENCE SIGNS LIST

[0286] 10: SUBSTRATE, 20: COATING LAYER, 30: CUTTING DIRECTION, 40: COATING LAYER SURFACE, 50:
INSIDE OF COATING LAYER

Claims

1. A monolayer film disposed on a substrate, obtained by preparing a mixture including a monomer composition and
a solvent, the monomer composition including a monomer (I) represented by General Formula (1) below and a
polyvalent monomer (Il) having two or more (meth) acryloyl groups and being free of sulfonic group, carboxyl group
and phosphoric group in a monomer () /polyvalent monomer (II) molar ratio of 1/1000 to less than 1/30, the solvent
including a compound with a solubility parameter c of not less than 9.3 (cal/cm3);
applying the mixture onto the substrate and removing at least part of the solvent; and
polymerizing the monomer composition including the monomer (I) and the monomer (l1);
the monolayer film having at least one anionic hydrophilic group selected from a sulfonic group, a carboxyl group
and a phosphoric group, the anion concentration ratio (Sa/Da) of the anion concentration (Sa) at the outer surface
to the anion concentration (Da) at the middle point between the inner surface in contact with the substrate and the
outer surface being not less than 1.1;

51



10

15

20

25

30

35

40

45

50

55

EP 2738 188 A1

XIsM1}[M2]r, (1)

(in Formula (1), s indicates 1 or 2; 1 and m indicate integers satisfying s = 1 + m/2; M1 is at least one monovalent
cation selected from hydrogen ion, ammonium ions and alkali metal ions; M2 is at least one divalent cation selected
from alkaline earth metal ions; and X is at least one monovalent anion selected from groups represented by General
Formulae (1-1) to (1-4) below:

[Chem. 1]

J
0

[Chem. 2]

y '
L (1—2)
0 n

[Chem. 3]

Ay O R—0—P—0" (1—3)

[Chem. 4]
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P—0~ (1—4)

" 0 .

(inFormulae (1-1)to (1-4), Jand J’ are each independently H or CHg; nindicates 0 or 1; and Rs are each independently
an aliphatic hydrocarbon group of 1 to 600 carbon atoms optionally substituted at a carbon atom with at least one
group selected from aromatic groups, aliphatic cyclic groups, ether groups and ester groups)).

The monolayer film according to claim 1, wherein the monomer (1) is at least one monomer selected from compounds
represented by General Formula (1-1-1) and General Formula (1-1-2) below:

[Chem. 5]

Aro Ri SOj M

0 R2 n

J
ol R\ L so. ),
i 0 Ro / nJIl Im

(in Formulae (1-1-1) and (1-1-2), J is H or CH3; R4 and R, are each independently H, CH5 or C,H;; n indicates an
integer of 1 to 20; 1 indicates an integer of 2 to 10; M is at least one monovalent cation selected from hydrogen ion,
ammonium ions and alkali metal ions, or is at least one divalent cation selected from alkaline earth metal ions; and
m is 1 when M is a monovalent cation, and m is 2 when M is a divalent cation).

(1—1—1)

(1—1-—2)

The monolayer film according to claim 1 or 2, wherein the polyvalent monomer (ll) is at least one monomer selected
from compounds represented by General Formula (2-1) and General Formula (2-2) below:
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[Chem. 7]
Rs Rs 0
R/eR; JARg Jel oy JbRs |a
[Chem. 8]

X5 Re Rs 0
Ri2
AR
Ris/ k | € Ry dRﬁ ol oH b]ﬁ a(

(in Formulae (2-1) and (2-2), Rz and R5 to Rq are each independently H or CH3; R4, and R4 5 are each independently
H or CHj;

X4, X5, X3, X4 and Xg are each independently O or S;

the letter a indicates an integer of 2 to 30; b indicates an integer of 0 to 2; ¢ indicates an integer of 0 to 30; d indicates
anintegerof 0to 20; e indicates aninteger of 0 to 2; i indicates an integer of 1 to 20; kindicates an integer of 1 to 10; and
the letter A indicates an atom or group selected from:

2—2)
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[Chem. 9]

#0% , *S*
R100

*0 ES
n2 Ryp1® /ni

Rs R1oo

*o\~/4s\w/o€%y/+\{%}o*

Re 0 n2 R1o1 nl

(*S~/3*s%\f3*l1

02

or from:

55

R1o

é?:1iiln !i.) 2:;0
a4y

0% 0% 0
e L L
Z N kﬁ/
(Ring Ring /f (Ring
Q%
&)
D%
*{
4E3
*0 Ox%
stv:]<:;\0\l:>[:~\wz
0% 0%

*00CHN—R—NHCO 0%
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[Chem. 10]
*C00 Rg Rg
0~ OO0 w006~ 4~ -coox
R100 Rio Rio
*ooc(,)/{\g,coo*
n2 Riog* ' m1
Ro
Rs Rico 0 1006~ H——)—coox
+#00C OMCOO* O-h—0s Rio
\
Re ¢ n2 Ript 7/ o1 D%
R
. , *ooc—%coo*
R I )
7—C——( CH——C—2
5 q +00C C00*

(Riveg /f Riveg
Rg Rs
0 *00C
1006 A~ X0 Co0s
Rz 0 Wi C00%
C00% C00%

*ooc% Cy S0 *oo\c)<\ 600*
=

Ws 0 W,
CO0x  C00%
023
}V * OCHN-R50—-NHCOO*> NHCOO= *00CHN NHCOO*
O al
NHC0O0%
*0 » ,& N’V1
0% R ] e
Wi #—{-0CHN—Rs; NHCOO*)aZ oo FTUOCHNRso rxchoc»«)‘14
Ox *
*{) 123
o o 3 Va—No N=V, * OCHN-Rso—NHCOO*) -

wherein * indicates a bonding hand;

0

R0 and Ry are each independently H or CHj; R4y and R4 are each independently H or an alkyl group of 1 to 6
carbon atoms; R,y and R, are each independently H, CH, or a phenyl group; R is hexamethylene, isophorone
(1-methylene-3-ethylene-3-methyl-5,5-dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane,
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cyclohexanedimethylene or xylylene; Rz is hexamethylene, isophorone (1-methylene-3-ethylene-3-methyl-5,5-
dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene, toluylene,
diphenylmethane or xylylene; Vis OH or an oxygen atom having abonding hand (*) ; W1 to W3 are each independently
H, CH3, OH or an oxygen atom having a bonding hand (*); Z is OH, an oxygen atom having a bonding hand (*),
COOH or a carboxyl group having a bonding hand (*) (COO) ; V1 to V3 are each independently H ora bonding hand (*);
n1 and n2 each independently indicate an integer of 0 to 8; 01 and 02 each independently indicate an integer of 1
to 3; f indicates an integer of 1 to 20; g indicates an integer of 0 to 3; m indicates O or 1; q indicates an integer of 1
to 7; a1 indicates an integer of 2 to 3; a2 indicates an integer of 3 to 4; a3 indicates an integer of 4 to 6; a4 indicates
an integer of 2 to 3; and a5 indicates an integer of 2 to 4).

The monolayer film according to claim 1 or 2, wherein the polyvalent monomer (ll) is at least one monomer selected
from compounds represented by General Formulae (3) to (8) and (10) to (33) below:

[Chem. 11]
R0 Rs

/\KO\A} \H/*\H/ O)Lwo(‘\ (3)

(in Formula (3), R3 and R, are each independently H or CH3; Rygg and R4¢ are each independently H or an alkyl
group of 1 to 6 carbon atoms; b1 and b2 each independently indicate an integer of 0 to 2; and n1 and n2 each
independently indicate an integer of 0 to 8)

[Chem. 12]

R100

\/*\rf (4)

Re g /2 Rig nl

(in Formula (4), R3 to Rg are each independently H or CH3; R4gg and Ryq4 are each independently H or an alkyl
group of 1 to 6 carbon atoms; and n1 and n2 each independently indicate an integer of 0 to 8)

[Chem. 13]

/\(O‘(}\/OWOWO’}J% - (5)

b2 R oH b

(in Formula (5), R5 to Rg are each independently H or CH3; b1 and b2 each independently indicate an integer of 0
to 2; and c1 indicates an integer of 2 to 30)
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[Chem. 14]

0 5
\)LO/(/\/D c3 R OWO% (6)

(in Formula (6), R3 to Rg are each independently H or CHs; c2 and c3 each independently indicate an integer of 1
to 5; and d1 indicates an integer of 2 to 20)

[Chem. 15]

0

Ra OH
/\go{/\,owom\o .

b1 R3

(in Formula (7), R3 and R, are each independently H or CH3; b1 and b2 each independently indicate an integer of
0 to 2; d1 indicates an integer of 2 to 20; and m indicates 0 or 1)

[Chem. 16]

R3

R4
S (8)
7 Oﬁ \/}0\23(\/3 .

(in Formula (8), R3 and R, are each independently H or CHs; and 01 and 02 each independently indicate an integer
of 1to0 3)

[Chem. 17]

R4 Rg Rs 0
/\B&Oﬁgmoﬂﬁgw (10)

(in Formula (10), R; to Rg are each independently H or CHj; ¢4 and ¢5 each independently indicate an integer of
0 to 5; and m indicates 0 or 1)
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[Chem. 18]

0
);{O\H"{E:\//Hm\ﬂkg (11)

(in Formula (11), R3 and R, are each independently H or CH5; and m indicates 0 or 1)

[Chem. 19]
R4 R

Rs
5 0 R3
0 (12)
A V{?(o}&%or&

(in Formula (12), R3 to R; are each independently H or CHy)

[Chem. 20]

— —

b R 0

O:T»N~f90 5

*N~n»N* - Oa:g\fﬁ9 (13)
0 Re Ry 13

(in Formula (13), * represents a bonding hand; R3, R5 and R6 are each independently H or CH,; and ¢6 indicates
an integer of 0 to 3)

[Chem. 21]

R4

OH Rs Rs 0

(in Formula (14), R; to Rg are each independently H or CH3; b1 and b2 each independently indicate an integer of
0 to 2; c7 and ¢8 each independently indicate an integer of 0 to 5; and m indicates 0 or 1)
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[Chem. 22]
Ra OH R

0 A0 v N )
Do
AJ( b2 R, 10 @ R10 '(\RGH\OWOW (15)

(in Formula (15), R3 to Ry are each independently H or CH3; b1 and b2 each independently indicate an integer of
0 to 2; and c9 and c10 each independently indicate an integer of 0 to 30)

[Chem. 23]
0 Rs Ro
Rs R3
0
e o B0
(186)
Re o4 g of3 Rio r 0301/2(’\’ A

(in Formula (16), R5 to Ry are each independently H or CH,; ¢11 to ¢14 indicate integers of 1 or above and satisfy
c11+c12+c13 +c14 =4 to 30)

[Chem. 24]

0
Ra OH NN
)\gfoxﬁ)@ ow‘:é/\oﬁ:\g/ (17)

(in Formula (17), Rz and R, are each independently H or CH3; and b1 and b2 each independently indicate an integer
of 0 to 2)

[Chem. 25]

ek 0.\!/~):50 :.O :ﬁg\oﬁr (18)
O 200

(in Formula (18), R; to Rg are each independently H or CHj; Ry and Ryq4 are each independently H, CH; or a
phenyl group; and ¢4 and c5 each independently indicate an integer of 0 to 5)

60



10

15

20

25

30

35

40

45

50

55

EP 2738 188 A1

[Chem. 26]

Rs R4 R3

0 0 0

‘é\OH z\UH é‘OH

0 0 0

Ly Ll

” Yoo (19)
(Ri1) g Rie /5 (Rie

(in Formula (19), R3 to Rg and R4 are each independently H or CH5; b1 to b3 each independently indicate an integer
of 0 to 2; and f indicates an integer of 1 to 20)

[Chem. 27]
y OW 07, Y (20)
0% R HO Rs 1,

(in Formula (20), * represents a bonding hand; V is OH or an oxygen atom having a bonding hand (*); Rz, R5 and
Re are each independently H or CHj; a1 indicates 2 or 3; b1 indicates an integer of 0 to 2; and ¢15 indicates an
integer of 0 to 20)

[Chem. 28]

B Re 0

W, 0x | 0 (21)
R c1b R
Ox 6 3 a2

(in Formula (21), * represents a bonding hand; W1 is H, CH3, OH or an oxygen atom having a bonding hand (*) ;
R3, R5 and Rg are each independently H or CH,; a2 indicates 3 or 4; and ¢16 indicates an integer of 0 to 20)
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[Chem. 29]

%0 0% Re . 0
Wfﬁ\k\ 05(\ Wy — OW (22)
0x . 0% | Rs Re s

(in Formula (22), * represents a bonding hand; W2 and W3 are each independently H, CH,;, OH or an oxygen atom
having a bonding hand (*); R3, Rs and Ry are each independently H or CHj; a3 indicates an integer of 4 to 6; and
c17 indicates an integer of 0 to 3)

[Chem. 30]
H 5 0
0 0 —D S
/\8/ ] \n/N Rao IN{ 0 > O)J\( (23)
8 Rip/e2 0 Re R3

(in Formula (23), R is hexamethylene, isophorone (1-methylene-3-ethylene-3-methyl-5,5-dimethyl-cyclohexane),
norbornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene or xylylene; R; to R, are each inde-
pendently H or CHs; and e1 and e2 each independently indicate an integer of 0 to 2)

[Chem. 31]

C( Wa) 6ontoo ] Rs 0
* Oj;g\]/\ OW
(1 0%) 109 Rs OH Re |,

(in Formula (24), R;, R5 and Ry are each independently H or CH,; b1 indicates an integer of 0 to 2; ¢15 indicates
an integer of 0 to 20; and n100 indicates an integer of 1 to 6)

(24)

[Chem. 32]

R4 OH R8 Rg R5 0
PO O Orot ot oY
0 b2 Ry ° Rio Rs ©  OH Rs (25)

(in Formula (25), R to R4 are each independently H or CH3; b1 and b2 each independently indicate an integer of
0 to 2; and c9 and c10 each independently indicate an integer of 0 to 5)
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[Chem. 33]
Rs
/\"/09/0 ilj
0 o1 a106

(in Formula (26), Rj is H or CHj; p1 indicates an integer of 1 to 6; and a10 indicates 3)

(26)

[Chem. 34]

Ra - OH Re 0 Rs

N“M”ﬁo*@{o*ﬁkoﬁ\mﬁp

(in Formula (27), R; to Rg are each independently H or CH3; b1 and b2 each independently indicate an integer of
0 to 2; and c4 and c5 each independently indicate an integer of 0 to 5)

[Chem. 35]
Ra OH Re O Rs 0
0\)\9/(0 0 7\4‘\/
AN WF(L)\OJ\(},( oo i

(in Formula (28), R; to Rg are each independently H or CHj; b1 and b2 each independently indicate an integer of
0 to 2; and c4 and c5 each independently indicate an integer of 0 to 5)

[Chem. 36]

R120  Rio 0o Rs Rs R3
0~ 0~ 0x *WOM
NE R Ro Ry Rs /i10 2

(in Formula (29), R3 and Rg to R¢3 are each independently H or CH5; and il indicates an integer of 0 to 5)

(29)
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[Chem. 37]

*0 o Rs Re R3
Wy 0% * o}\n,&
0% Ry R7 Rs /110

(in Formula (30), Rz and Rg to Rq are each independently H or CH5; W1 is H, CH3, OH or an oxygen atom having
a bonding hand (*); a2 indicates 3 or 4; and i1 indicates an integer of 0 to 5)

(30)

[Chem. 38]

4 o Re Rs
*wa\)<o Wz %A
0 a8 Re Ry Rs ‘i1 (31)

(in Formula (31), R3 to Rq are each independently H or CH3; W2 and W3 are each independently H, CH3, OH or
an oxygen atom having a bonding hand (*); a7 indicates an integer of 1 to 6; a8 indicates an integer of 0 to 5; and
a7 +a8 =210 6)

[Chem. 39]

Rs 0
R HO Ra oo [ at0

(in Formula (32), R;gis toluylene, diphenylmethane, hexamethylene, isophorone (1-methylene-3-ethylene-3-methyl-
5,5-dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene, N,N’,N"-
tris(hexamethylene)-isocyanurate, N,N,N’-tris(hexamethylene)-urea, N, N, N’ , N’ -tetrakis (hexamethylene) -urea
or xylylene; R3, Rs and Rg are each independently H or CH,; W1 is H, CH,, OH or an oxygen atom having a bonding
hand (*); a9 indicates an integer of 1 to 4; a10 indicates an integer of 2 to 4; b1 indicates an integer of 0 to 2; and
c4 indicates an integer of 0 to 5)

(32)

[Chem. 40]

0% Rs
N\n/ \k\ \5(\“!2 * 0 0 b
4
}{ 0% l ! Re ©* HO R3 210

(in Formula (33), R;gis toluylene, diphenylmethane, hexamethylene, isophorone (1-methylene-3-ethylene-3-methyl-
5,5-dimethyl-cyclohexane), norbornanedimethylene, dicyclohexylenemethane, cyclohexanedimethylene, N,N’,N”-
tris(hexamethylene)-isocyanurate, N,N,N’-tris(hexamethylene)-urea, N,N,N’,N’-tetrakis(hexamethylene)-urea or xy-

(33)
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lylene; R;, Rs and Rg are each independently H or CH3; W1 is H, CH5, OH or an oxygen atom having a bonding
hand (*); a9 indicates an integer of 1 to 4; a10 indicates an integer of 2 to 4; b1 indicates an integer of 0 to 2; and
c4 indicates an integer of 0 to 5).

The monolayer film according to any one of claims 1 to 4, wherein the water contact angle of the monolayer film is
not more than 30°.

The monolayer film according to any one of claims 1 to 5, wherein the film thickness of the monolayer film is 0.5 to
100 pm.

An antifogging material comprising the monolayer film described in any one of claims 1 to 6.
An antifouling material comprising the monolayer film described in any one of claims 1 to 6.
An antistatic material comprising the monolayer film described in any one of claims 1 to 6.

A stack wherein the monolayer film described in any one of claims 1 to 6 is disposed on at least one surface of a
substrate.

The stack according to claim 10, wherein the monolayer film is disposed on one surface of the substrate and a
pressure-sensitive adhesive layer is disposed on the surface of the substrate on which the monolayer film is not
disposed.

The stack according to claim 11, wherein a peel layer is further disposed on the surface of the pressure-sensitive
adhesive layer.

The stack according to any one of claims 11 to 13, wherein a peelable cover layer is disposed on the surface of the
monolayer film.

A method for producing stacks, comprising:

a step of preparing a mixture including a monomer composition and a solvent, the monomer composition
including a monomer (l) represented by General Formula (1) below and a polyvalent monomer (ll) having two
or more (meth) acryloyl groups and being free of sulfonic group, carboxyl group and phosphoric group in a
monomer (l)/polyvalent monomer (I1) molar ratio of 1/1000 to less than 1/30, the solvent including a compound
with a solubility parameter o of not less than 9.3 (cal/cm3);

a step of applying the mixture onto at least one surface of a substrate;

a step of removing at least part of the solvent from the mixture applied; and

a step of polymerizing the monomer (1) and the monomer (Il) present in the mixture resulting from the above steps;
the method thus producing a stack having a monolayer film on atleast one surface of the substrate, the monolayer
film having at least one anionic hydrophilic group selected from a sulfonic group, a carboxyl group and a
phosphoric group, the anion concentration ratio (Sa/Da) of the anion concentration (Sa) at the outer surface of
the monolayer film to the anion concentration (Da) at the middle point between the inner surface in contact with
the substrate and the outer surface being not less than 1.1;

[XIs[M1]4[M2],,, (1)
(in Formula (1), s indicates 1 or 2; 1 and m indicate integers satisfying s = 1 + m/2;
M1 is at least one monovalent cation selected from hydrogen ion, ammonium ions and alkali metal ions; M2 is

at least one divalent cation selected from alkaline earth metal ions; and
Xis at least one monovalent anion selected from groups represented by General Formulae (1-1) to (1-4) below:

[Chem. 41]
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J
4t\‘f0--—-R*—-—803’ (1—1)
0

[Chem. 42]

[ J
0—R=TC0 (1—2)
-\0 n |

[Chem. 43]

0

J o
&\IrO'-*R——O—P-—O (1—3)
0 l

0

[Chem. 44]

-y
0 N (1—4)
i g 0

Ay 0 R

0

— ot

(in Formulae (1-1) to (1-4), J and J’ are each independently H or CHs; n indicates 0 or 1; and Rs are each
independently an aliphatic hydrocarbon group of 1 to 600 carbon atoms optionally substituted at a carbon atom
with at least one group selected from aromatic groups, aliphatic cyclic groups, ether groups and ester groups)).

15. The method for producing stacks according to claim 14, wherein the water contact angle of the monolayer film is
not more than 30°.
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